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INTRODUCTION
Second language (L2) learners face a host of obstacles in
achieving their many tasks. Second language teachers face an equally
difficult task of trying to find ways of helping learners accomplish
these tasks. For many second language learners, the perception and
production of "new" phonological entities and their orthographic
representations can be a major problem in their L2 progress. A common
example of this sort of struggle is the problem that most East Asians
have in mastering the English /I/ and /r/ because many of those
languages do not contain both /I/ and /r/ as phonemes. It has been
observed by this author that the production and perception
difficulties often seem to affect the spelling of words with /I/ and
/r/. On the other hand, it has also been observed by this author
that, even when a student knows the spellings of /I/ and /r/ words,
their production and perception of /I/ and /r/ are not necessarily so
well mastered.
These observations bring to mind a few questions. Namely, when
people are learning sounds that are new to them, what is the
interaction between what they hear (perception), what they say
(production), and what they spell? Is there any connection or
interaction among all three? Do one of these exert more dominance
over the others? Is there a hierarchy and/or pattern among these
three? What are the effects of experience on these factors? As
experience in the second language increases, does the interaction of
the three factors change? How can the interaction of these be
measured in a reasonably simple and objective manner? What follows is
an attempt to tackle these questions in the context of three lax
vowels and what the answers to them, if any, might implicate for the
teacher of L2 students.
LITERATURE REVIEW
There have been many studies done concerning the perception
of various phonetic segments and features by first (LI) and second
language (L2) speakers. Perhaps because there are more of them,
consonants have received the greatest amount of attention in the
literature (e.g., Borden et al., 1983; Diehl & Walsh, 1989; Eilers et
al., 1989; Goto, 1971; Gottfried, 1984; Greenlee, 1980; Henly &
Sheldon, 1986; Lehman & Sharf, 1989; Mackain et al., 1981; Mann et
al., 1985; Oakes et al., 1987; Sheldon & Strange, 1982; Shinn &
Blumstein, 1984; Stevens & Keyser, 1989; Summerfield, 1982; and
Walden, 1987; to name a few). Though fewer in number, vowels can pose
equally difficult problems for second language learners. The
following is a review of some of the major topics concerning vowels in
the literature. The first section will discuss vowel perception
including LI and L2 influences. The second section will review some
of the perception-production relationships including some of the main
theories and influences. In the third and last section of this
review, the topic of spelling will be discussed.
1. Vowel Perception
1»1 First lanouaoe vowel perception
The perception of vowels has been shown to receive influences
from a variety of sources. Within one's first language, for example,
it has been shown that there are dialectical differences in perception
of vowels among LI speakers of Russian (Holden &Nearey, 1986). In a
study of LI Swedish vowel perception, it was determined that
perception differences of vowel duration and quality existed not only
among dialect groups but in age groups as well (Janson, 1979), In a
relatively early study of ten American English (E) vowels (/i, I, t,
a, a. A, D, U, u, 37), Peterson and Barney (1951) found that /L, T, ae/
were best perceived by LI E listeners, in terms of accuracy, while /a/
was the least distinguishable vowel, /i,3^,36/ were easy to perceive
because those vowels, with those format frequencies, are the most
unique in comparison to the other vowels. In that foundational study,
76 mostly ("a few" subjects learned English as a second language) LI
American English speakers recorded the words heed, hid, head, had,
hod, hawed, hood, who'd, hud, and heard in random order for a total of
1560 words. The h—vowel-d format was used because those consonants
give the least phonological influence on vowels. These tapes were
then played back to a new group of 70 LI English adult listeners who
were asked to select the word (vowel) they heard from a tape of 200
words. From that response data the conclusions were made.
1•2 Second language influences on vowel perception
Though fewer in number, a number of studies have revealed a
variety of L2 influences on vowel perception. For example, in a study
of the effects of the environment on the perception of vowels,
Gottfried (1984) presented LI French and LI American English (JE)
speakers, who had much experience with French, with French vowels in
four contexts (t_t, #_t, t_#, #_#). The "#" symbol indicates a word
boundary. The subjects were to respond by marking on a scoring sheet
the vowel they heard. The LI French speakers had the most difficulty
identifying vowels in the t_t and #_t environments while the Americans
had the moat problems identifying vowels in the t_# and #_#
environments. Gottfried suggests that this was due to the French "Law
of Position" rule which states that high-mid vowels are usually found
in open syllables and low-mid vowels in closed syllables. In sum, the
different phonotactic constraints of French and English consonants
significantly affected the way LI English listeners perceived French
vowels.
1.3 The contrastive analysis hypothesis fCAH)
Many of the problems of cross-language vowel perception could be
accounted for by the contrastive analysis hypothesis (CAH), which more
or less states that the difficulties of learning a second language can
be predicted by knowing what aspects and entities of the new language
are not present in one's mother tongue. As Lado (1957) puts it:
"Those elements that are similar to his native language will be simple
for him, and those elements that are different will be difficult."
As things turned out, however, it's not that simple. There are
many instances where, for example, LI sentences which correspond
literally to L2 sentences are not necessarily easily learned (Buteau,
1970). In terms of sounds, however, Gottfried (1984) and Flege's
(1987) work as stated above seem to support the CAH, at least in part.
On the other hand, studies like Buteau's (1970) gave strong evidence
against the CAH. The predicted interference was not happening
consistently. Even though the CAH remains unproven, still no one can
deny that one's LI influences the learning of an L2. For this reason
the CAH has not been totally laid to rest.
Perhaps to make use of this walking-wounded hypothesis, Wardhaugh
(1970) proposed a split of the CAH into "strong" and "weak" versions.
The strong version stated that errors in second language learning
could be identified by a priori contrastive analysis of the LI and L2.
This is essentially the regular old CAH with its behavioralist
background. The weak CA hypothesis stated that one begin by looking
at the errors a language learner makes and then look to the LI to try
to explain, at least in part, the possible causes for the errors based
on the similarities and differences between the two languages. This
is a sort of a posteriori analysis. Hindsight is the English word for
it. This weak CAH is where many of these cross-language vowel studies
seem to fit.
There is, however, another version of the CAH. This is the
lesser known "medial" version proposed by Oiler and Ziahosseiny
(1970). This medial version states that the trouble spots in the L2
will be not where the differences are strong or weak, but rather where
the differences within and between LI and L2 are subtle. This medial
version accounts for learning effects in that as an L2 student learns
more about the target language, these subtleties should become more
distinct and, hence, less of a problem.
2. The Perception-Production Relationship
At this point one can begin to see from the Plege studies, as
well as the others, that perception and production are inextricably
intertwined. What's known about the extent and nature of the
relationship between perception and production, however, is spotty at
best. There are two main viewpoints (Ainsworth, 1976) as to how
perception and production influence each other. One viewpoint, which
I will call the "referent" theory, states that perception is
accomplished by referring to their own production of speech (Moore,
1982). This means that if someone has a problem in producing certain
sounds they will also have problems in perceiving those sounds. This
is basically what the motor theory of speech perception (Liberman et
al., 1967) and the analysis-by-synthesis theory (Stevens, 1960) state.
The second theory, the auditory theory of speech perception
("nonreferent" theory), on the other hand, states that listeners do
not refer to their own production of speech when perceiving speech.
2.1 Factors directly influencing L2 vowel perception-production
"Equivalence classification" (EC), the idea that "new and
similar" phonological input is perceived in LI categories (as the
strong CAH would predict—see above), can also be used to explain many
findings in cross-language vowel production. EC appears to affect the
production of an L2 by preventing adult L2 learners from creating new
phonetic categories for the L2 phones they hear, thereby preventing
the production of the phonetic norms of the target L2, Equivalence
classification is also used to explain how learning an L2 can affect
the production of an LI, and vice versa. In his study, Flege (1987)
measured the voice onset time (VOT) of /t/ and the vowel formant
frequencies of English and French /u/ and French /y/ using phrases in
42 women who ranged from French and English monolinguals to fully
bilingual. VOT is the time period between the end of a consonant and
the voicing of a vowel. The results showed that while LI English
speakers experienced in French had no trouble producing a French /y/*
all groups had trouble producing an L2 /u/. The VOT of L2 /t/ in all
subjects was either within LI norms or somewhere between LI and L2
norms. Also, the English experienced LI French subjects' VOT of /t/
was of greater duration (more like an English /t/) than LI French
subjects who had less experience with English. The same could be said
for the French experienced LI English subjects. Their LI /t/ was
longer (more like a French /t/) and the standard LI English /t/.
Flege attributed that difficulty to equivalence classification. Their
knowledge of another language seemed to affect their production
abilities of their own LI. See Table 1 for a summary.
Table 1. Summary of Flege's (1987) results
Subject
English
/t/ VOT
English normal
monolingual
French between
monolingual LI & L2
English
bilingual
French
bilingual
longer
duration
normal
French
/t/ VOT
between
LI & L2
normal
normal
longer
duration
English
/u/
easy
French
/u/
difficult
difficult easy
easy difficult
difficult easy
French
/y/
difficult
easy
easy
easy
In an attempt to correlate perception and production in LI
English speakers, Paliwal et al. (1983) measured the formant
frequencies of eleven uttered vowels in an h-vowel-d environment
[heed, hid, head, had, hard, hod, hoard, hood, who'd, hud, heard—
virtually the same list as Peterson and Barney (1951)] of ten LI
British English speakers in a production task. The perception task
required the subjects to identify the same vowels from a full range
continuum of vowel formant frequencies produced with a voice
synthesizer. In correlating the production and perception data
(within-subjects and between-subjects) they found that LI speakers do
not significantly refer to their own production of speech when
perceiving speech (within-subject correlations were significantly
higher), thus giving support to the auditory theory of speech
perception (listeners do not refer to their own speech when perceiving
speech).
2.2 Indirect factors influencing L2 vowel perception^
production
Besides the production-perception interaction on vowels, there
are also a number of important indirect influences on vowel perception
and production.
2.2.1 Complexity of English vowels One of these problems for
L2 English learners is the degree of relative complexity of English
vowels in comparison to those of their own LI. For languages that
have only pure vowels (/a, e, i, o, u/, such as Spanish or Japanese,
English vowels can pose great problems to L2 learners. For these
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listeners the English vowel similants /a. A, o, 5/ are often times
very difficult to perceive or produce (LI speakers have this problem
too, no doubt). To add to the difficulty, when combined with the
stress-timing effects of English speech, these and other vowels often
become a /3/. This is such a common source of trouble for L2 learners
of English that Brown (1990) calls the schwa (/a/) an "impure" and
"lazy" vowel which like "a linguistic virus attacks any and all
vulnerable vowels,"
2.2.2 Stress-timing The stress-timing of English in itself
also poses problems for those students whose LI is not stress-timed.
Stress-timing refers to the rhythmic pattern of speech whereby the
interstress intervals (ISI) are equal, regardless of the number of
syllables. For example, "Joe plavs football" contains four syllables
while, "Joseph can plav football" contains six syllables. The number
of stressed syllables, however, remains the same—three. For this
phenomena (called "foot-level shortening") to happen the duration of
the unstressed syllables must be reduced. Some languages, like
Japanese, are mora—timed. The rhythm of mora—timed languages is
based not on stress but on the syllables. The syllables are always of
the same duration.
In their study of the effects of timing, Mochizuki-Sudo and
Kiritani (1991) had LI Americans, LI Japanese proficient in English,
and LI Japanese not proficient in English undergo production and
perception experiments. The production experiment required subjects
to utter a list of English sentences, which differed in the number of
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syllables between stressed words, into a tape recorder. The isis
(interstress intervals) were then measured. In the perception
experiments similar subjects were required to listen to sentences
which varied in vowel lengths and ISIs. Their task was to
discriminate the vowel and ISI durations as well as the "naturalness"
of the sentence they heard from a recording of sentences in which
vowel and ISI durations were spectrographically altered.
They found that while both groups of LI Japanese speakers (whose
language is not stress-timed) could perceive the vowels' duration
changes (foot-level shortening) in an English sentence, only those
students with lots of English experience used this perception ability
in their production of English, thereby contributing to a less-heavily
accented utterance.
2'2.3 Experience in an L2 Experience in an L2 has also been
shown to affect vowel perception. In a study of LI German speakers
who were separated into English inexperienced and experienced groups
(based on a questionnaire), Bohn and Flege (1990) found that the L2-
experienced group identified English /£/ and /as/ much more accurately
than the L2-inexperienced group. They concluded this after dividing
the LI German subjects into relatively experienced and inexperienced
L2 groups, the control group being LI English monolinguals, and having
the Germans try to identify the vowels they heard from a recording of
the stimuli beat, bit, bet, bat (/bit, bit, bft, bat/), made by two
American LI monolingual speakers. While listening, the Germans were
to select the German word which they thought most closely resembled
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the English word they were hearing—biet, bitt, baht, bert (/bit, bit,
baet, bfrt/). They were then asked to give confidence judgements of
their decisions. In a second identification experiment, similar
groups of subjects were asked to identify which vowel they heard from
2 synthetic continua (beat-bit, bet-bat). The results showed that the
L2-experienced group identified vowels according to formant frequency
patterns (as opposed to temporal cues), just as native LI English
speakers tend to do. Hence, their conclusion that the amount of
experience in an L2 does affect vowel perception.
2.2.4 Assimilation Yet another factor that can negatively
influence accurate L2 vowel perception and production is the problem
of assimilating L2 loan-words into an LI, that is, borrowing. In a
study of the effects of borrowing in the perception of English vowels,
Holden (1982) found that LI Russian listeners (as equivalence
classification would predict) perceived the borrowed English /£/ (from
a recording of English words borrowed into Russian) as the Russian
orthographic E (English /5/ or /i/ nearly 100 percent of the time
while English /a, a. A/ were rendered as A or O, E or A, and A or O or
E, respectively. In Russian, orthographic A is /a/, E is /£/ or /y£/
O is /o/, and Y is /u/. See Table 2. They were confusing
transliterated orthography with phonemics. This sort of phenomenon
becomes a hindrance to these same people when they begin to study
English. Since they have these borrowed words in their language, they
think their production of these words (and use for that matter) is
accurate when they use the same words in an L2 context. While
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Table 2. Russian and English orthographic and phonemic equivalents
Orthograph
Russian orthographic
English Russian rendering of
phoneme phoneme English vowels
A father /a/ /a/ A, o *fother
bat /®/ E, A *bet
cup /A/ A, 0, E *cap, *cop
*cep
E /i/ m Not reported
m /y£/ It
0 /o/ /o/ ..
/o/ ri r«
teaching English in Japan/ where English loan—words are used
/ the present author often saw these borrowing effects
first-hand. The students failed to realize that they had fit these
loan-words into Japanese phonological constraints, which are very
different than English phonological constraints. But, since they use
these words extensively in Japanese, they assumed their perception and
production of them were accurate for English. These assumptions often
made teaching the proper pronunciation of these words more difficult
than teaching "new" words, A friend of mine serves as a good example.
^^"stration was related to his appetite. He was never able to get
the beef sandwich he wanted, a "Big Deluxe," from a local fast food
restaurant here in Iowa. Both big and deluxe are used as loan-words
in Japan so he thought he knew how to pronounce them. The only item
the waiters and waitresses could understand was "/hambaiga:/". Big
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Deluxe was a "/bi?gudiraksu/." It was a sad and hungry realization.
His Japanese English didn't work. The realization was turned into a
joyous one though when# after some phonemics practice, he ordered and
received his savored Big Deluxe.
3. Spelling
The last topic in this review is spelling. If there are all
these potential obstacles to the accurate perception and production of
vowels, wouldn't this also have L2 students' spelling performance be
affected? In "sounding-out" new vocabulary words, wouldn't their
perception be reflected in their spelling? The literature on spelling
is not lacking. Because of this only a relatively few studies which
are pertinent to this study will be reviewed here. In this section,
LI considerations of spelling will be reviewed before L2
considerations. Where applicable, special attention will be given to
vowels.
3.1 LI spelling strategies
In most LI spelling accuracy studies, children have been the
major supplier of data. This is true for spelling strategy studies as
well. Strategy studies also always seem to separate the subjects into
"good" and "poor" spellers. Regardless of ability, however, all
people exhibit complex and organized strategies when it comes to
spelling. These strategies are developed over time beginning with
simple ones and progressing in various degrees to more complex ones.
Most of these strategy stages, which are also thought to be linked
15
with cognitive stages, occur in one's childhood years. In her review
of the literature on spelling strategies, Anderson (1985) identifies
the four stages of strategy development commonly found in the
literature. They are the prephonemic stage, the phonemic stage, the
letter name to spelling stage, and the transitional stage.
In the prephonemic stage, children have virtually no concept of
symbols (letters) representing sounds. In the phonemic stage they do
understand the relationship of sounds to letters, but in a limited
fashion. In this stage their spelling usually omits vowels and most
of the medial letters and sounds. In the letter name to sound stage,
as the name implies, children now can spell based on the names of the
letters as they are pronounced when saying the alphabet. Now children
are using phonological information, but only as represented by the
letter sounds. This is obviously insufficient to correctly spell many
words. In the final stage, the transitional, children begin to
incorporate the rules of the spelling system with a more complete
phonological understanding as well as morphological, semantic, and
visual information. The phonological information, however, is relied
upon to a lesser degree. They are making the transition away from
strictly phonologically based spelling. These then, are the
identified stages one goes through when learning to spell. So what
are some of the actual strategies used? This is the point where good
and poor speller distinctions are made.
In her study of third and fourth graders, Radebaugh (1985) and
her colleagues interviewed the students while they were being asked to
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complete certain spelling tasks (write an easy word, spell an easy
sentence, write a difficult word, write a difficult sentence). An
interviewer would then ask the child, after having done the task, what
they were thinking when they were doing the writing. In summarizing
the results of responses and spelling performances, Radebaugh
identified two major differences in the strategies of good and poor
spellers.
The first difference is that good spellers would break words into
constituent parts (e.g., Wash-ing-ton) rather than proceeding letter
by letter. Poorer spellers tended to do this latter, more
phonetically-oriented strategy. Another strategy of good spellers
identified by Radebaugh is that good spellers used visual imagery.
The children who spelled well would often visualize the thing they
were spelling, not the letters, but the actual object. One girl was
asked to spell a pet. She thought of her cat and spelled C-A-T. Poor
spellers, on the other hand, used no such strategy.
Anderson's (1985) review of the literature also included some of
the findings on older students including middle school and college-
aged students. In those studies it was found that poor spellers in
middle school tended to limit themselves to the sounding out words
(visual-orthographic) strategy. In contrast, good middle school
spellers relied on a variety of strategies including analogy with
familiar words as well as semantic and structural analogies. They
used the information from known words and meanings to predict the
17
spellings of new words. For example, when asked to spell the word
"dapple" many students would think of "apple."
Interestingly, while poor spellers continue to limit themselves
with only a few strategies as they age, good spellers increase the
number of strategies they use as they get older. Poor adult spellers
do not use any implicit rule system based on the lexical storage.
They will not necessarily connect "dapple" with "apple." Poor adult
spellers continue to rely primarily on phonological information in
their spelling. In doing so they omit, substitute, and transpose
graphemes. Poor adult spellers have a weak understanding of meaning-
sound relationships. This will hinder their correct spelling of
derived words such as divine (*devine) and divinity (*divinitty).
Good adult spellers, on the other hand, are well aware of these
relationships.
3.2 Spelling LI vowels
As mentioned above, beginning spellers often omit or incorrectly
spell vowels. Part of this is due to the fact that in English there
are more vowel sounds than symbols (letters in the alphabet) of
vowels. This is why young children in the letter to name stage might
often spell /gft/ as GAT. The /£/ vowel has no unique symbol in the
English alphabet. in studying spelling acquisition, this lack of
unique symbols for each vowel sound reveals fairly definite patterns
that can be observed in the learning of vowel spelling.
In his often cited work, Read (1975) determined the spelling
acquisition order of children. In his vowels studies Read used a hand
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puppet named "Ed" to elicit rhyming words from children (under age 6
and older than age 6). An assistant would then record the children's
responses. His results show that in acquiring the /£/ as in "get,"
children will most often choose orthographic A (*"gat"). Their next
most likely choice is I (*"git"). Read suggests that this is because
/£/ is most similar to /a/ in the phonological estimation of children.
Interestingly, the symbol most often misspelled for /ae/ is the
orthographic E. In testing the other lax vowel /I/, Read found that
children would most often misspell E.
In a study of adult spelling errors Yannakoudakis and Pawthrop
(1983) collected 1,377 spelling errors from adults and entered them
into a computer for analysis. Results yielded three categories of
errors; sequential, consonantal, and vowel. The data for lax vowels
showed that /a/ will most likely be misspelled as E and I was next
most likely. In misspelling /'a/, results showed that adults are most
to use A. Next most likely was again, I. These results are
the same as Read found in the children in his studies. Yannakoudakis
and Pawthrop's results for spelling /I/, however, were slightly
Instead of spelling /I/ as E (as Read found) they found
that adults are most likely to spell /I/ as A with E being the next
most likely. Table 3 summarizes the results of the two studies.
3.3 Influences on LI spelling
In the literature there appear to be only two major influences on
L2 spelling. They are phonology and reading. The following section
reviews some of the studies and ideas concerning this topic.
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Table 3. Summairy of lax vowel results in two LI spelling error
studies
Most likely Next most likely
Investigator Target vowel misspelling misspelling
Read (1975) /a/ E Not reported
(21 LI /£/ A I
children) /I/ E Not reported
Yannakoudakis /ae/ E I
& Fawthrop (1983) m A I
(1377 spelling /I/ A E
errors by LI adults)
3*3.1 Phonological influences in his study of third
graders in rural Wisconsin, Amoroso (1985) gave a spelling test of 24
pseudowords using the vowels [i], [i], [e]. and [E] in four
environments (CVCC-bist, CVC-dib, CVCV-baga, CV-le). The students
were divided into good and poor speller groups. Amoroso was
predicting that students would spell the tense vowels more correctly
than the lax vowels and that [I] would be most often misspelled as E
and that [5] would most often be misspelled as A. These are the same
as Read might predict (Table 3). His results supported the
predictions. This means that children of this age attempt to spell
new and unknown words on the basis of their phonetic relationships
(letter name to sound strategy). That is to say, the children's
phonological knowledge influenced their spelling of new words.
In a longitudinal study done in Sweden, Lundberg, Olofsson, and
Wall (1980) found that phonological knowledge can even be used to
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predict success in the reading and spelling skills of young students.
In their study, six and seven year old kindergartners were given a
battery of tests including 4 word synthesis tasks, 4 word analysis
tasks, 1 rhyming task, 2 nonlinguistic tasks, and a standardized
predictive preschool reading task. These tests were again
administered to the same population of students in the first and
second grades. The data from these tasks were combined with data from
a larger Scandinavian research group's data of 10 similar tasks.
Using a statistical method called "path analysis," somewhat different
than multiple regression, Lundberg, Olofsson, and Wall determined that
two of the word analysis tasks were the best and most accurate (more
than 70% accurate) test results to predict spelling and reading
success in later years. The two word analysis tasks were a phoneme
segmentation task and a phoneme reversal task. The phoneme
segmentation task required the children to separate a word (from a
picture) into its proper syllable segments by placing the
appropriately labelled peg into a hole to form the target word. The
"father," for example, should have been divided into /fa/ and
/^J/. The phoneme reversal task had the children producing new words
by reversing the phoneme order of the words they were given, to yield
a different word ("father" would become "/^Tfa/"). By comparing the
results of these tasks with reading and spelling data on the same
students, years later, Lunberg, Olofsson and Wall found that those who
did well in those word analysis tasks also did well in spelling and
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reading later on. In these early years, phonological knowledge has an
important influence on spelling.
Further evidence for phonology's influence on spelling was
provided in a study by Treiman and Baron (1983) in which preschool and
kindergartners were given phonemic training in order to improve their
spelling and reading skills. The training involved segmenting three
letter syllables into their constituent sounds and then blending them
into different combinations. For example, the single spoken syllable
"vet" was broken down into "v," "e," and "t" sounds. The children
were required to master the spelling and production of these sounds
both in isolation and in two and three letter combinations before they
could progress to the next part of the task. For a control the
children were simply given three letter spoken syllables with no
segmental training. The second major task involved reading a list of
words that contained the syllables from the first task. Results
showed that these children performed much better in reading tasks
having the phonemic training on each of the segments of the
syllables than they did without such training. Although this study
sought to connect phonemic awareness with reading and not directly
with spelling, other studies have shown the very close connection
between reading and spelling abilities.
Phonological awareness has a strong influence on reading and
spelling success. It's interesting that even though this study had a
purpose similar to that of Lundberg, Oloffson, and Wall's study
conducted three years earlier, Treiman and Baron did not mention the
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Swedish study in their literature review. While these studies show
some of the influence of phonology on spelling, there also exists in
the literature studies which reveal that spelling (and therefore
orthography) influences phonology,
3.3.2 Orthographic influences Relatively few studies have
been conducted on the effects of orthography on phonology (either
pronunciation or perception) (Jakamik et al., 1980; Michaels, 1980;
Parking & Ilett, 1986; Templeton/ 1979; Templeton & Scarborough-
Franks, 1985; Treiman, 1983). Templeton and Scarborough-Franks, for
example, found among other things that when the fifth and sixth grade
LI AE students in their study misspelled a word, they would nearly
always mispronounce the word as well. That study strengthened earlier
evidence by Templeton (1979) that spelling ability precedes
pronunciation ability in eighth and tenth grade native English
speakers. In that study, students were shown an inflectional or
derivational suffix and asked to spell and pronounce the proper form
of a word (or pseudoword) after hearing or seeing the base (root)
word. For example, the students were shown the pseudo-root word
"deplone" and were asked to add the "-ic" adjective suffix using the
proper spelling rules. Results showed that seeing a word (and
therefore its orthography) significantly increased the probability of
its correct pronunciation. Therefore, they concluded that
orthographic input precedes proper phonological production.
In another study along similar lines, Ehri and Wilce (1980) had
LI English fourth graders orally segment pairs of words sharing the
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Seune target phonemes but with different spellings (pitch-rich, new-do.
etc. . . .). The subjects were also given a spelling test to see if
they knew the proper spellings of the target words. By comparing the
children's oral phonemic segmentation results with their spelling test
results, Ehri and Wilce found that students who knew the proper
spellings also showed greater phonemic awareness. That is to say,
their orthographic knowledge was reflected in their phonological
representation of words. So it seems that while phonology is
influencing spelling, spelling is also influencing phonology.
3.3.3 Reading influences The studies in the previous section
showed a close relationship between spelling and the printed word.
This would cause one to consider the effects of reading on spelling
ability. Within spelling research there exists the "reading"
hypothesis. This hypothesis states that the more one reads, the
better one can spell. Two studies will be reviewed concerning this
hypothesis.
After surveying the literature and doing some of his own testing,
Krashen (1993) concluded that spelling ability is most probably
developed not by formal instruction or writing, but by reading. The
arguments against formal instruction and reading are simple that, when
considering the complexities of English spelling in view of the
relative accuracy seen among spellers, one could never get enough
instruction nor writing practice to account for the relatively high
spelling scores. Krashen cites one study by Cook (1912) in which
American high school and university students were taught the spelling
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rules, given a spelling test, and then asked to write down the
spelling rules they use for the words in the spelling test. Cook's
results showed that most students do not use spelling rules, even if
they know them, when spelling.
In a more direct look at spelling and reading, Ormrod (1986)
sought to investigate the contribution of reading to spelling
acquisition in university students. In one experiment Ormrod gave a
list of 20 English words to 27 university freshmen and instructed them
to learn the spellings. They were then tested in a dictation test.
In the word learning task students were given 30 nonsense words to
learn. These words were then presented on a CRT monitor for one
second. After the one second students were to type the word on the
keyboard. If they were correct they received the next word item.
These tasks identified good and poor spellers. In a second experiment
students were given a small passage (88 words) to read which had
nonsense words in it. Some of the students were told that they would
have a post-reading spelling quiz, the other group was not told.
Results showed that those students who knew there would be a post™
reading spelling test did not significantly differ from those who were
not informed. In comparing the results of experiment one with two,
however, Ormrod found that individual word learning did produce higher
accuracy in spelling results than those who learned the words from
reading the passage. She concluded that learning the spelling of new
words in context is less efficient than learning them in isolation.
Her main explanation for this is that in isolation, full attention can
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be given to the word. Students do not have to deal with the
surrounding environment. These results are in opposition to Krashen's
argument as stated above. He counters such arguments with the
suggestion that with enough reading, some significant improvement can
be seen. While admitting that the reading hypothesis of spelling
acquisition still lacks adequate research to fully substantiate it,
Krashen still suggests that reading is one of the most important
influences on spelling.
The above section has reviewed the literature on LI spelling
strategies and the influences on LI spelling including phonology,
orthography# and reading. This concludes the LI section of the
literature review.
3.4 L2 spelling strategies
There is a paucity of literature on the spelling ability in a
second language. While there have been some LI studies which examined
various spelling topics in languages other than English (e.g.,
1989; Wimmer & Hummer, 1990), there are indeed very few
studies to be found which address any topic in L2 spelling. This may
seem surprising in view of Wyatt's (1973) list of error percentages in
English compositions taken from 4C classes in Uganda. In his list of
14 errors, spelling was the most common problem (18.4%) with vowels
being the most commonly misspelled letters. The high percentage of
spelling errors has also been observed by the author in teaching
English composition courses to international graduate students.
Though no formal study or statistics were done, spelling errors were
26
Clearly the most numerous of all errors. In spite of the numbers and
percentages# however^ L2 spelling studies are scant in the literature.
In the following paragraphs literature on L2 spelling strategies and
influences will be reviewed in the same order as they were for the LI
studies.
No studies were found in the literature which dealt directly with
the topic of L2 spelling strategies. One study was found, however,
which examined one strategy in LI German-speaking first graders in
Austria. As was mentioned earlier, LI English-speaking children go
through four stages of spelling/reading strategy development:
prephonemic, phonemic, letter name to sound, and transitional. In her
t^®stment of these strategies Frith (1985) combined the first two into
the "logographic" stage and renamed the third and fourth stages as the
"alphabetic" and "orthographic" stages, respectively. Table 4
compares the two authors' categories. Frith's changes were mainly due
to the idea that reading and writing develop asynchronously. This
asynchrony is what causes the developmental changes. For example, in
proceeding from the logographic to the alphabetic stage, the
sequential essence of writing is seen as the trigger of the
progression. This sequential exposure in reading will then give
practice in identifying and using letter name to sound strategies for
spelling. So in Frith's view, a child is usually in the logographic
reading stage while in the alphabetic writing stage.
Wimmer and Hummer (1990) sought to test Frith's logographic stage
in LI German-speaking first graders in Austria. They gave the
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Table 4. Spelling strategy development as identified by two authors
Frith (1985) Anderson (1985)
logographic
stage
alphabetic _
stage
orthographic
stage
prephonemic
stage
phonemic stage
letter-name to-
sound stage
transitional
stage
Characteristics
-No concept of symbols
representing sounds
-Limited understanding of
symbol/sound correspondence
-Spelling omits most vowels and
medial sounds, i.e. big -• *bg
•Spell based on the names of the
letters in the alphabet
•Spelling omits sounds not
represented by letter names,
i.e. get - *gat
•Incorporate most formal spelling
rules as well as morphological,
semantic, and visual information
•Transition away from
phonologically based spelling
students a battery of five tasks: standardized reading and spelling
tests, a grapheme knowledge task, word/pseudoword reading task, and a
word/pseudoword spelling task. They were predicting that the
logographic stage would show up in the word/pseudoword tasks (in that
pseudowords would be more difficult to spell) as well as in the
reading task where alphabetic strategy had theoretically not yet
developed. Their results showed that in these German-speaking first
graders little evidence was found to support the logographic
asynchrony. The children performed quite well in the word/pseudoword
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tasks, showing that they were using the alphabetic strategy. As their
main explanation for this conclusion/ they suggest that because the
German writing system is much more phonemically transparent
(unambiguous and direct sound-letter correlation), German-speaking
students will spend a smaller amount of time using the logographic
strategy. Therefore, reading and writing will progress in a more
synchronous manner. A phonemically opaque (ambiguous and low sound-
letter correlation) writing system like English will require learners
to use the logographic strategy for a longer period of time, hence
creating the reading/writing strategy asynchrony. From this study it
can be seen that there can be differences in the persistence of
spelling strategies in different languages. Perhaps this could also
have some sort of impact on L2 spelling acquisition.
3.5 Influences on L2 spelling
As with LI spelling, three influences—phonology, orthography,
and reading—will be discussed.
5.1 Phonological influences While Wimmer and Hummer (1990)
compared English with German-speaking students in their spelling/
reading strategy development, other studies have compared English-
speaking children with other LI languages in terms of phonology, in
his study Porpodas (1989) sought to identify the usefulness of sound,
shape, and orthographic signals in the beginners' reading of LI Greek.
He did this by administering a timed reading task which was
manipulated in four ways. The first task (the control) was unchanged.
In the second task (treatment 1) the text was unchanged but the
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letters were alternated between upper and lower case, hence changing
the shape of the words. In the third task (treatment 2) all the
letters were in lower case and the words were misspelled in such a way
that their pronunciation was correct, hence changing visual and
orthographic stimuli. In the fourth task (treatment 3) the text words
were in lower case but one or two of the letters were substituted with
letters that had similar shapes, hence assessing the phonological and
orthographic stimuli. Results showed that the slowest reading times
were in the tasks in which the phonological cues were manipulated
(treatment 3). This, Porpodas suggests, is evidence that reading
speed depends much on sound cues in young Greek readers. As was found
in the LI English studies, phonology is important for reading other
languages also (Amoroso, 1985; Lundberg, Oloffson, & Wall, 1980;
Trieman & Baron, 1983).
In a second study Porpodas sought to understand the grapheme-
phoneme relationship in spelling and reading, to know if Greek
children employ grapheme-phoneme information or only visual
(orthographic) information to read and spell Greek. In that study he
had first and fourth graders read a list of words and pronounceable
nonwords and then gave them a spelling test on the same words.
Results showed that the majority of reading errors were visual while
the majority of the spelling errors were phonologically acceptable.
He concluded that children of these ages rely heavily on the sound-
spelling strategy. Phonology is also very important to LI Greek
spellers.
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In a different study Caravolas and Bruck (1993) sought to compare
the phonological and orthographic input effects on the development of
language in 201 English and Czech-speaking children. They
hypothesized that Czech children would be better able to identify
complex syllable onsets and would be better spellers than their
English-speaking counterparts. Their hypotheses were based on an
analysis of the two languages. Czech is characterized by many CCVC
words and transparent spelling whereas English has fewer CCVC words
and more opaque spelling. The subjects were preschool, kindergarten,
and first grade LI Czech and LI English-speaking students. The
preschool and kindergarten students were given two oral tasks (same-
sound isolation) while the first graders were given three
oral tasks (same-different, sound isolation, phoneme deletion) and one
spelling task. Within each grade level the group was divided so that
students only performed a task in one language, either Czech or
English. In sum, the results were in accord with their hypotheses.
This means that at the same age the level phonological awareness may
differ between languages. The relative transparency of the spelling
®y®'t6m is one factor in this finding. These conclusions are similar
to Porpodas' study of Greek children. The characteristics of a
language influence the phonology, which in turn, influences spelling.
These LI characteristics could have impact on L2 learning.
^•5.2 Orthographic influences As with LI spelling, L2
phonology can also be influenced by orthography.
languages, however, may have different orthographies. Many
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languages have alphabetic orthographies. In alphabetic orthographies
each symbol represents at least one phoneme. One skill that is
necessary to read and write these alphabetic orthographies is phonemic
segmentation. Phonemic segmentation is "the ability to conceive of
spoken words as sequences of phonemic segments and to identify and
locate those segments within words and syllables" (Read et al., 1986),
In a language like Chinese, however/ the orthography is not alphabetic
but is morphenic. A Chinese character represents a one-syllable
morpheme, not a phoneme. In studying phonemic segmentation, Read et
al. (1986) sought to know if and how people from nonalphabetic LI
backgrounds acquire phonemic segmentation. His subjects were divided
into two groups; adults who were literate only in Chinese characters
and adults who were literate in Chinese characters and in the Hanvu
pinyin romanization system of Chinese. Their task was to "add or
a single consonant at the beginning of a spoken syllable" of a
romanized Chinese text per instructions from the researcher. Read and
his colleagues hypothesized that this would be an easy task for
Chinese speakers to do because the syllable structure of Chinese very
frequently includes an initial consonant/ vowel nucleus, and a final
consonant. Furthermore, all of the target words were ordinary
syllables in Chinese.
Results revealed that phonemic segmentation is not a
spontaneously occurring ability. The nonalphabetic subjects were not
able to make the deletions or additions as instructed. Upon a little
practice and instruction, however, some were able to perform the task.
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even without alphabetic literacy. Read et al. concluded that literacy
alone is not a factor in phonemic segmentation, but alphabetic
literacy is. English as a second language students from nonalphabetic
language backgrounds may find English spelling difficult and confusing
this reason as well. Their LI orthography is not conducive to
phonemic segmentation. Therefore, without proper instruction and
practice, spelling may be a difficult task.
The study mentioned earlier in the contrastive analysis section
by Oiler and Ziahosseiny (1970) was actually a study of the effects of
LI orthography on L2 (English) spelling. They hypothesized that the
nonRoman alphabetic group (198 adult subjects) would do better in
spelling than those from the Roman alphabetic group (158 adult
subjects). They based this hypothesis on the aforementioned medium
version of the CAH. To remind the reader, the medium version states
that where the differences between two languages are subtle, more
errors will arise. Since the difference between Roman and nonRoman
orthographies are not at all subtle, they posited the hypothesis that
the nonRoman subjects would score better in spelling than the subjects
from Roman alphabet backgrounds.
In their study the hypothesis was supported. The subjects from
nonRoman alphabet backgrounds scored significantly higher in spelling
performance. In other studies, however, the medium version of the CAH
did not support this particular hypothesis. At least two of these
studies will be described below.
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3.5.3 Reading influences Only one paper could be found in
the literature which addresses the effects of L2 reading on L2
spelling. In their study Polak and Krashen (1988) sought to replicate
LI reading/spelling studies in L2 subjects. Their subjects were 123
intermediate-level ESL students in a small college in Los Angeles.
The students were first given a dictation and then filled out a
questionnaire to extract information about their voluntary reading
habits. The dictation was scored for spelling errors. The number of
errors were then correlated to results from the questionnaire. The
results showed that those students who did more voluntary reading had
fewer spelling errors. This confirms the results of the LI studies on
this effect of reading on spelling, a couple of which were reviewed
above. They also analyzed the spelling results in terms of subjects'
LI orthography, whether it was a Roman or nonRoman alphabet. Their
results showed no significant differences between the Roman and
nonRoman alphabets in spelling performance, thus contrasting with
Oiler and Ziahosseiny's (1970) results. In fact, Polak and Krashen
found that voluntary reading had a much larger effect on spelling than
subjects' first language. Their results further suggested
that reading is independent of any LI effects. Similar to the LI
studies, reading appears to have strong effects on spelling in an L2
situation as well. Two other studies were found that deal with the
topic of L2 English spelling. They are mentioned here only because
the literature in this particular topic is scant. Both of these
studies address the practical topic of categorizing L2 English
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spelling errors. In Ibrahim's (1978) paper he analyzed the spelling
errors collected from his undergraduate students in the English
department at the University of Jordan. He categorized errors into
six types and a seventh was the uncategorizeable type. Some of the
category types seem to fit into the CAH rather nicely. The causes of
errors Ibrahim identified include; 1) the opaqueness of English
spelling, 2) the differences between Arabic and English phonology, 3)
grammatical analogy, phonetic, and orthographic errors, 4) the
relatively nonsystematic nature of English word derivations, 5) the
ignorance and overgeneralizations of English spelling rules, 6) the
differences between British and American spellings, and 7)
miscellaneous uncategorizeable errors. Ibrahim suggests that a
similar study of pronunciation errors may yield categories like the
spelling and grammar error studies.
In another study of L2 spelling errors, Tesdell (1982) developed
a taxonomy of spelling errors from the English placement test
compositions of 56 international university students in Iowa, Tesdell
made four predictions based on his searching through the literature.
He predicted that 1) the English L2 students would have a higher
®P®Hirig error rate than native writers, 2) the spelling errors of L2
students would be more numerous than slips of the pen (habitual
writing errors), 3) students from a nonRoman alphabet LI would make
fewer spelling errors, and 4) spelling errors would be most numerous
in the medial portions of the words. Results showed that each of the
predictions were supported by the data except prediction number 3
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concerning those students from a nonRoman alphabet background. In his
study Tesdell found the spelling error percentage for the Chinese-
Arabic (nonRoman alphabet) group to be 2.3%, while the Malay-Spanish
(Roman alphabet) group error rate was 1.45%. This difference,
however, was not statistically significant. This result is contrary
to the findings of Oiler and Ziahosseiny's (1970) results as were
Polak and Krashen's (1988) results. Different LI orthographies did
not influence spelling.
4. Summary of Literature Review
In this literature review, vowel perception, the perception-
production relationship, and spelling were examined. First language
vowel perception topics included dialectal differences and accuracy in
vowel perception studies. One second language vowel perception paper
discussed the effects of vowel environment on vowel perception. In
order to fit these topics into an existing framework, the contrastive
analysis hypothesis was then reviewed.
The perception-production relationship was divided into factors
which directly and indirectly influence this relationship in an L2
setting. Equivalence classification was presented as one of the
factors which directly influences L2 vowel production and perception.
Another study concluded that LI speakers do not significantly refer to
their own production of speech when perceiving speech. Indirect
factors influencing the perception-production relationship included
the complexity of English vowels, the stress-timing of English,
experience in an L2, and the assimilation of loan-words.
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The review of spelling literature covered the LI and L2 topics of
spelling strategies, spelling vowels, and the influences on spelling.
Those influences were phonological, orthographic, and reading. A
number of studies were examined which gave examples of these
influences in subjects ranging from children to adults.
5. Purpose of the Study
The purpose of this study was to measure the interaction of the
perception, production, and spelling of English /I, 5, ae/ in LI
Japanese subjects. These particular vowels were chosen because they
do not exist in standard Japanese. Finding a systematic relationship
among these three factors could have important implications in the
teaching of spelling and pronunciation.
5.1 Predictions
Based on the literature, the following predictions with rationale
were made concerning the results of this study.
1. Those subjects who do relatively more voluntary reading will
perform better in spelling (Polak & Krashen, 1988).
The first prediction is based on the results of Polak and
Krashen's (1988) study. As mentioned earlier, their study sought to
determine the effects of L2 reading on L2 spelling ability by means of
a spelling test followed by a questionnaire designed to extract the L2
reading habits of their subjects. Their results showed that the
students who did more L2 voluntary reading had significantly fewer
spelling errors on the spelling test. The present study will also
involve a spelling test and a questionnaire but the focus will be
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narrower (concentrating on three vowels) than the Polak and Krashen
study.
2. Subjects who are relatively more accurate in their spelling will
have better vowel production (Templeton, 1979; Erhi & Wilce, 1980;
Amoroso, 1985; Templeton & Scarborough-Franks, 1985).
In the Templeton (1979) study subjects were shown an inflectional
or derivational suffix and asked to spell and pronounce the proper
form of a word or pseudoword after hearing and seeing the word root.
For example, after seeing the root "deplone" subjects must correctly
spell and pronounce it with the "-tion" noun suffix. The significant
factor in completing these tasks successfully was seeing the root
word, thereby knowing its orthography. Templeton's study did not
directly focus on vowels or L2 students, so this prediction will test
Templeton's results in the case of specific vowels in an L2
environment.
Ehri and Wilce's (1980) study found that LI English fourth graders
who knew the proper spelling of words showed greater phonemic
awareness. In this prediction their findings will be applied to an L2
English environment with older students. When given a spelling test
of 24 pseudowords in four environments, the LI English third graders
in Amoroso's (1985) study spelled tense vowels more accurately than
lax vowels. Amoroso's interpretation of the results was the children
of this age rely heavily on their phonological knowledge (the letter
name to sound strategy) when spelling. This prediction will examine
this interpretation in an L2 environment with older subjects.
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The Templeton and Scarborough-Franks (1985) study found that when
fifth and sixth grade students mispronounced a word they would nearly
always misspell the word as well. This prediction will test this
finding as well, but again, in an L2 setting with older subjects.
3. Subjects who have relatively more proficiency in English will
perform better in the perception, production, and spelling of
vowels (Mochizuki-Sudo & Kiritani, 1991; Bohn & Flege, 1990).
Mochizuki-Sudo and Kiritani's (1991) study dealt with the stress-
timing effects of English in LI Japanese students' ability to produce
and perceive the vowels and interstress intervals in English
sentences. They found that their Japanese subjects could discriminate
the interstress interval changes but only those subjects who had
relatively more experience could apply that perception ability in
their production of English. In the present study vowel perception
and production abilities will be measured in LI Japanese subjects.
The production and perception results will be compared with subjects'
experience in English in a way that is similar to Mochizuki-Sudo and
Kiritani's study.
Bohn and Flege's (1990) study focused on LI German subjects'
ability to identify the English vowels /i, I, i, ae/ from a recording
of four stimuli words and from synthetic vowel continua. As
Mochizuki-Sudo and Kiritani found, the subjects with relatively more
experience in English perform better. The present study will also
measure subjects' ability to identify and discriminate three lax
vowels—/I, i, a/, and will compare those results with subjects'
experience in English.
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4. The subjects will have the greatest problems with /I/ and /f/
(Flege, 1987; Vance, 1987; Amoroso, 1985).
Flege (1987) used equivalence classification (EC) to explain the
results of his study on measuring of the voice onset time (VOT) and
formant frecjuencies in adult French and English monolinguals and
bilinguals. His results showed that neither the LI French nor LI
English speakers could produce an accurate L2 /u/, and the VOT of an
LI /t/ in both groups was affected by the amount of experience in the
L2. EC negatively affects the production of an L2 in adult learners
by preventing the creation of "similar" phonetic categories. This
means that phonemes in the L2 which are similar to LI phonemes will be
classified as equivalents in existing LI categories, thereby
preventing Ll-like L2 pronunciation.
To bring more light to this, a look into Japanese phonology is
necessary. Japanese has five vowels, all of them pure vowels—[a, i,
e, o, u]. Vance's (1987) analysis cites Sakuma (1973) stating that
the Japanese (Tokyo dialect) mid-front vowel [e] is somewhere between
the French [e] (etat) and the English [E] (set). Japanese [e] is
similar to the English [f]. According to Flege's idea of classifying
similar phones then, English [f] will cause many problems for LI
Japanese subjects because they will most likely classify English [C]
into the Japanese category of [e]. Similarly, English [I] is most
similar to the Japanese [i], and that similarity will cause
difficulties in the performance of Japanese subjects in English
phonological tasks.
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Amoroso's work with lax vowel spelling accuracies in Wisconsin
third graders provides even more evidence for this prediction. He
found that when given a spelling test of 24 pseudowords using [i, I,
e, B] as vowels, the third graders had the most problems in spelling
the lax vowels [I, £]. He concluded that children at this age level
rely on phonetic relationships when spelling new and unknown words.
Another reason for problems in spelling lax vowels is that in English
there is no unique orthograph for them. This fact may cause the
phonology-orthography confusion mentioned earlier.
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PROCEDURES
In this study subjects performed perception/production tasks
with English /i, I, f, a, e, a, d, o, U, u/ as well as spelling tasks
dealing with these same vowels in an h—vowel—d context using the
following corresponding words: heed, hid, head, had, hayed, hod,
hawed, hoed, who'd, and hud. This list of vowels, words and
environment was chosen because they are, with the exception of /e/ and
/o/, frequently used in the literature (Peterson &Barney, 1952; Singh
& Woods, 1970; Millar & Ainsworth, 1972; Fox, 1982, Paliwal et al.,
1983; Paliwal, 1984) and helped keep this study down to manageable
proportions. The vowels /e/ and /o/ were added to the list so that
all the pure vowels would be included. To reiterate, while ten vowels
were used in the study, only /I, E, s/ were analyzed. These vowels
were chosen for analysis because they are so commonly misspelled and
mispronounced by L2 learners and because they are not found in
Japanese.
1, Population
The subjects could have included any students from LI backgrounds
where English /I, £, se/ are not included. This might include speakers
of Spanish, Italian, Cantonese, Mandarin, Japanese, and so on. For
the purposes of this study, however, it was decided that 20 Japanese
subjects would be used. Modern Japanese contains five vowels with
long and short versions of each vowel. There are no significant
quality differences between the long and short vowels, other than
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Figure 1. American English (*) and Tokyo Japanese (®) vowels,
adjusted from Vance (1987)
duration, of course. As mentioned above, Japanese vowels are pure
vowels including [i, e, a, o, u]. To reiterate, Vance (1987) cited
Sakuma (1973) stating that Japanese [e] is somewhere between [e] and
[S]. Japanese [a] is low central vowel between [a] and [a]. Japanese
[o] is a mid-back vowel between [d] and [o], while Japanese [u] is a
high central vowel in front of [u]. Finally, Japanese [i] is
virtually the same as [i] in English. Figure 1 illustrates the
comparison made by Vance (1987).
Virtually all the subjects were from the Aities/ISU community and
included a variety of English abilities, backgrounds, and ages. For
control purposes, ten LI E speakers from the same community also
performed the same tasks. All of the LI ^ subjects spoke a northern
US dialect and none of them had any formal training in linguistics.
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2. Materials
2.1 Language experience questionnaire
After reading and signing a permission-release form required
by the Iowa State University Human Subjects Review Committee, the
subjects were given the language experience questionnaire. The
language experience questionnaire obtained the following information:
1) age, 2) gender, 3) native language, 4) years of formal English
training, 5) years of nonEnglish, nonJapanese formal language
instruction, 6) current percentage of English use per day, 7) number
of years living in an English-speaking country, and 8) amount of
regular English voluntary reading. See Appendix A for further
details.
2«1»1 Task order The tasks used in this study were given in
a specific order. In one sense, the order was treated in terms of
difficulty, beginning with the most difficult tasks and finishing with
relatively easier ones. Also under consideration were the learning
effects gained by performing consecutive tasks. For this reason, the
spelling task was given before the perception and production tasks so
that the subjects wouldn't have seen the target words before spelling
them. On the other hand, having the production task last gave
subjects both visual and aural exposure of the target words. This
exposure may have helped them produce their best approximation of the
words they read in the production task, thus enhancing accuracy in
their utterances.
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2.2 Dictation task
A prerecorded dictation task was used to determine the relative
English proficiency level of each subject. A paragraph of
approximately 100 words was used. The dictation was administered
using standard dictation techniques. These techniques included 1)
listening to the speaker read the text at a normal rate, 2) writing
the text they heard as it was read with pauses, and 3) making
corrections as the text was read the third time at a normal rate.
This standard technique is commonly found among the leading English
language testing researchers (Jones & spolsky, 1975; Oiler & Perkins,
1978; Oiler, 1979; Hughes, 1989). One of the important factors in
giving a dictation task is the number of words per phrase. Oiler
(1979) says that phrases of less than 7 words should be avoided
because they will not produce enough variance to see significant
f®^6i^ces between subjects. Therefore, an average of nine words per
phrase was chosen. The breaks came at natural pausing points. The
passage contained 5 sentences and 13 phrases for an average of 8.92
words/phrase. Phrases ranged in length from 5 to 14 words. The text
came from a low-intermediate ESL reading book (Krahnke, 1991). See
the Appendix for further details.
2.3 Tape recorder
The tape recorder used in this study was a Marantz three-head
portable cassette recorder model number PMD221. The built-in
mxcrophone was used in all recordings. The dictation, spelling, and
listening tasks were prerecorded on cassettes and played back to the
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subjects while they completed the tasks. The same voice (the
investigator's) was heard on all the prerecorded tasks. In all cases,
Maxell XL II lEC Type II High cassettes were used. These measures
ensured some uniformity of the stimuli and recordings for these tasks.
The cassette recorder was also used to record the subject's utterances
in the production task.
2.4 Spelling task
This identification task required subjects to spell a series of
30 words from recorded oral stimuli. These words consisted of three
randomized lists of the ten words being used in the study.
Randomization done by assigning each of the vowels a number and then
using a random numbers table (Snedecor, 1955) to derive unique and
random lists of the target words/vowels. The stimuli were presented
on a prerecorded tape with 10 seconds separating each utterance. An
was provided for each item so the subjects needed only to fill
in the vowels. This fill in the vowel format was a result of the
pilot study. Pilot subjects complained that they spent too much time
s^out the consonants and couldn't focus on the vowels. See
the Appendix for further details.
2-4.1 Allowable spellings Table 5 lists the allowable
spellings for the vowels concerned.
2.5 Perception task
The purpose of this task was to determine how subjects are
categorizing (by their orthographic representation) the vowels they
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Table 5. Allowable spellings in the spelling task
Vowel /I/ /f/ /»/
Spelling hid head
hed
had
heard, in this perception task subjects were asked to discriminate
which vowel they heard from a list of five of the words (heed, hid,
hayed, head, had) used in this study as well as a "NONE" option.
Please see the Appendix.
2.6 Production task
This task required the subjects to utter three lists of the 10
randomized study words into a tape recorder. The list of words were
read with three (3) seconds between each utterance and recorded for
analysis by ten LI English subjects {/l, S, $/ only). Each of the ten
LI English (control) subjects judged the vowels from this task of four
Japanese subjects. Another way to say it is that each of the 20
Japanese subjects' utterances were judged by two of the LI control
subjects. The LI $ control subjects were judged by the investigator.
See the Appendix for further details.
2.7 Statistical analvses
The SAS statistical package was used in data analysis to
calculate means, Pearson product correlation coefficients, and
analyses of variance (ANOVA) within and between groups.
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3. Methods
These methods are written in order of procedure. As mentioned
above, the three tasks dealing with spelling, perception, and
production were ordered this way to reduce any training effects which
may occur between tasks.
3.1 Sampling technique
Subjects were recruited by various means, including word of mouth
and notices placed in several areas on campus. Subjects were asked to
sign a permission/release form to meet the Human Subjects Research
requirements of Iowa State University. They were not told the exact
nature of the research until after they had completed all the tasks.
3.2 Language experience questionnaire
On an appointed day, subjects met with the investigator to
complete the tasks, the first of which was to fill out the language
experience questionnaire. Assistance was given to those who needed
help or had questions about the questionnaire. Data from the
questionnaire was entered in a data-set for later analysis.
3*2.1 Scoring the language experience questionnaire For each
of the answers on the questionnaire a number value was given. Scores
for the age (1), years of formal English training (4), years of formal
training in languages other than English or Japanese {5), percent of
daily English use (6), years living in an English speaking country
(7), and daily English reading time (8) were recorded as the average
of the answer that was circled. If a subject circled "B" (21-30) as
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their age, for example, a score of 25.5 was logged in the data-set.
The amount of time spent reading newspapers, magazines, children's
books, novels, comic books, and textbooks (items 9-14, respectively)
variables were scored as 1-5 according to the choice circled (A-0, B-
C-2, D-3, E-4, F-5). If a subject circled "E" - "once a week," for
example, a score of "4" was logged in the data-set.
The language experience questionnaire provided information on
discrete experience items. These individual items, however, could not
summarize language experience into one factor. In order to do this, a
language language experience index was created to summarize each of
the subjects' results of the questionnaire. In some of the previously
cited literature, experience was shown to be an important factor in
vowel perception (Gottfried, 1984; Flege, 1987; Bohn fi Flege, 1990),
L2 English prosody (Mochizuki-Sudo &Kiritani, 1991), and reading
experience was shown to influence spelling performance (Krashen,
1993). This index was formed by adding the scores of items 4 through
14 from the questionnaire. Table 6 summarizes the scoring methods.
For the years of formal English training (4), years of formal training
in languages other than English or Japanese (5), and years spent
living in an English speaking country (7) variables, the averaged
score from the data-set was used for the index. For the percent of
English used daily (6) and amount of daily reading time (8) variables,
a score of 1-5 was given according to the item they circled (A-1, B-2,
C-3, D-4, E-5). Similarly, a score of 0-5 was used for the index
value from voluntary reading time variables 9-14.
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Table 6. Summary of language experience questionnaire and experience
index scoring technique
Questionnaire
Item #
Data Set
Method
Index Scoring
Method
1 Average of selection Not used
2 0=male, l=female Not used
3 0=Japanese, l=English Not used
4 Average of selection Same as data set
5 Average of selection Same as data set
6 Average of selection Selection A=l/ B=2, C=3, D=4, E=5
7 Average of selection Same as above
8 Average of selection Selection A=l, 3=2,
F=6
C=3, D=4, E=5,
9-14 Selection A=0, B=l,
C=2, D=3, E=4, F=5
Same as data set
For example. Subject 14 answered items 4-14 as shown in Table 7. The
underscored letters represent Subject 14's responses. Item four
received a score of 5, the average of 4—4« Item five was scored
similarly at 0.5. Item six was also averaged to 50%. Item seven was
also averaged to 2.5 for its index score. Items 8-14 were assigned
points according to the letter circled with A=l, B=2, and so on.
Subject 14's index score was calculated as shown in Table 8.
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Table 7, Language questionnaire responses of items 4-14 for subject
14
4. How many years of formal English language training have you had?
A B C D E F
12+0-1 2-3 4-6 7-9 10-12
5. How many years of formal training have you had in languages other
than English (i.e., a third language)?
A B C D E F
12+0-1 2-3 4-6 7-9 10-12
6. How much do you presently use English in your daily life?
A B C D E
0-20% 21-40% 41-60% 61-81% 81-100%
7. How many years have you been in an English speaking country?
A B CD E F
12+0-1 2-3 4-6 7-9 10-12
8. Approximately how much time do you spend reading each day?
A B C D P VE
0-30 31-60 1:01-1:30 1:31-2:00 2:01-2:30
minutes minutes hrsimin hrs:min hrs:min
F
2:31+
hrs:min
E
9. How often do you read an English newspaper?
A B C D
never once a several once a
month times a week
month
10, How often do you read English magazines?
A B c D
never once a several once a
month times a week
month
several
times a
week
several
times a
week
11. How often do you read English children's books?
never
B
once a
month
C
several
times a
month
D
once a
week
12. How often do you read English novels?
A B c D
never once a several once a
month times a week
month
E
several
times a
week
E
several
times a
week
everyday
everyday
everyday
everyday
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Table 7 Continued
13. How often do you read English comic books?
A B c D E F
never once a several once a several everyday
month times a week times a
month week
14. How often do you read English textbooks?
A B C D E F
never once a several once a several everyday
month times a week times a
month week
Table 8. Example of language experience questionnaire scores for
subject 14' s language experience index score
Item Index score
4 5
5 0.5
6 3
7 2.5
8 2
9 4
10 4
11 0
12 1
13 1
14 4
= 27
3.3 Dictation task
After filling out the questionnaire subjects were given 20 minutes
to complete the dictation task. Before subjects read or heard the
prerecorded instructions they were told about the test, how it works
and what they should do. Then the prerecorded instructions were
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played on the tape deck. As mentioned above, the dictation was given
in three steps. Those steps were 1) Listen as the text is read at a
normal rate, 2) Write what you hear as the text is read with pauses,
3) Correct what you wrote as the text is again read at a normal rate.
The pauses in step two were determined by the researcher silently
spelling out all the letters of the phrase uttered twice. This
technique left ample time for even the slowest subjects. After those
instructions were heard the subjects were asked if they had any
questions about the task. After any clarifications the tape recorder
was started again and continued uninterrupted until the task was
completely finished.
3.3.1 Scoring the dictation task The dictation was scored
using methods adopted from Oiler (1979). Word-for-word scoring was
used and included four categories—deletions, distortions of form,
distortions of sequence, and insertions. Table 9 gives examples of
the four error categories. Since there were 116 words in the passage
a total score of 116 was possible. To derive the total score for the
dictation, the total number of errors was subtracted from the total
possible of 116.
3.4 Spelling task
When subjects had completed the dictation task, they moved on to
the spelling task, which required them to write down the vowels they
heard from a prerecorded list of the ten randomized words of the
study. After passing out the spelling task the directions were told
to them before hearing the recorded instructions. They then were
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Table 9. Dictation error categories and examples
Category Example
Deletion "Hamburgers have interesting history."
Distortion "Hamburger^ have an interest history."
of form
Distortion "Hamburgers an interesting history have."
of sequence
Insertions "Hamburgers have a verv interesting hi story."
given time to ask any questions they had concerning the procedures.
After there were no further questions the tape was played and task
begun. As mentioned in the instructions, the first list of ten words
was a trial run. They were allowed to hear repeats (one) of any items
they missed.
3.4.1 Scoring the spelling task Since only the three lax
vowels are being considered in this study, only the spellings of hid,
he^, and had were scored. The words were not scored as "correct" or
"incorrect" but rather, what was written was recorded in the data set
using the number code for the vowel used in each spelling. This
allows one to determine which orthographs are being used for which
vowels.
3.5 Perception task
In this task, subjects were given a sheet with the choices "heed,
hid, hayed, head, had, and NONE" for each item in the task. Their
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task was to circle the word they heard, thereby discriminating the
vowel sounds. After the instructions were read to them and any
questions answered, the task was begun. If they perceived that none
of the five words were uttered, they were to circle "NONE." At the
beginning of the task they heard the vowels identified and had three
trials in order to give them a reference point from which to make
their judgements. They were given three seconds to make their choice
for each item. This task took approximately 15 minutes.
3.5.1 Scoring the perception task In a way similar to the
spelling task, perception task responses recorded each response for
each item using the vowel code numbers.
3.6 Production task
After the perception task, subjects were given three lists of the
ten words. Upon hearing both informal and formal instructions and
having their questions answered, they were given about a minute to
read the words and practice pronouncing them. The tape recorder was
then turned on and the recording began. They spoke the words in three
second intervals, as indicated by the researcher. If they were
unsatisfied with any of their utterances they were allowed to repeat
those words until they were satisfied. This task took approximately
four minutes.
3.6.1 Scoring the production task The above tasks were
completed by all subjects, both Japanese and the American control
subjects. The Americans then had the additional task of listening to
four of the Japanese subjects' recordings from this production task
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and recorded the vowels they heard. See Table 10. With this format
each of the Japanese subjects were rated by two Americans, As they
listened they wrote down (rated) the vowel they heard from the
Japanese utterances. The .researcher alone rated the Americans' vowels
Table 10. Pairings for the rating of L2 subjects' vowels by LI
control subjects
Japanese American control
subject numbered will be rated by subjects numbered
1 21, 22
2
H
CN
22
3
to
to
23
4
CM
M
23
5 23, 24
6 23, 24
7 24, 25
8 24, 25
9 25, 26
10 25, 26
11
(N
27
12 26, 27
13
CM
28
14 27, 28
15
CO
C
29
16 29
17 29, 30
18 29, 30
19 30, 21
20 30, 21
from their recordings. This was done one repetition at a time so that
the same subject was not rated consecutively for any of the vowels.
As with the spelling and perception tasks, the vowel code was
recorded in order to track which sounds were being uttered for the
vowels in question. Each subject uttered each vowel three times.
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With two ratings for each subject, effectively there are six data for
each vowel. Since all of the control subjects were native £ speakers,
each of their judgements of the Japanese subjects was determined as
valid. With this in mind, the necessity for agreement by the control
subjects ratings was not necessary. Total number of production errors
was based on the number of unique errors found among the two raters.
For example, for the vowel /I/ subject number 10 was rated by subject
number 25 in the first repetition as having uttered /i/, /I/ in the
second, and /I/ in the third. Subject number 26, however, rated the
same subject number 10 as having uttered /I/ in the first repetition,
/i/ in the second, and /i/ in the third repetition as well. Their
ratings were diametrically opposed. In this instance, there are three
unique errors among the two raters so an error total of three was
recorded in the data. See Appendix B. In another example, subject
Rep - 1 2 3
Subject # 25's rating of /I/ for Subject 10 - /i/, /I/, /i/
Subject # 26's rating of /I/ for Subject 10 - /I/, /i/, /i/
number 17 was rated by subject 29 as having uttered /i/ in the first
repetition, /i/ in the second, and /i/ in the third. Subject number
30 gave exactly the same rating.
Rep - 1 2 3
Subject # 29's rating of /I/ for Subject 17 - /i/, /i/, /i/
Subject # 30's rating of /I/ for Subject 17 - /i/, /i/, /i/
In this instance as well, there are only three unique errors
among the two raters, hence, a score of three. This concludes the
methods section.
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RESULTS AND DISCUSSION
The purpose of this study was to measure the interaction of
spelling, perception, and production of English /I, i, as/ in LI
Japanese subjects. Twenty volunteer LI Japanese and ten volunteer LI
American English (control) subjects completed 1) an informed consent
form, 2) a 14-item language experience questionnaire, 3) a 116-word
dictation task to measure general English proficiency, 4) a 30-item
vowel spelling task to identify spoken vowels orthographically, 5) a
40-item listening task to discriminate spoken vowels aurally, and 6) a
30—item speaking task to record their utterances of ten English
vowels. Each American control subject also performed a further task
of listening to and identifying the vowels spoken by two of the
Japanese subjects in the speaking task. The control subjects' vowels
were identified by the researcher. Please see the Appendix regarding
all that the subjects were asked to perform. In the spelling,
listening, and speaking tasks the order of vowels was randomized.
While ten £ vowels (i, I, E, a, e, a, o, d, U, u/) were used in the
study, only the lax vowels /I, E, ae/ were considered for analysis
because these vowels do not exist in the Tokyo dialect of Japanese and
because these vowels were the focus of this study. In all cases,
these vowels were presented in an "h_d" format (heed, hid, head, had,
hayed, hod, hawed, hoed, hood, hud) with no context, as found in the
literature on this topic.
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1. Results of the Individual Tasks
1.1 Language experience questionnaire
Table 11 summarizes the results of the questionnaire. In
the literature, experience was shown to be an important factor in
perception and production (Mochizuki-Sudo & Kiritani, 1991; Bohn &
Flege, 1990). The purpose of the questionnaire was to obtain
biographical information about the subjects' use of English. As can
be seen, the control subjects were more than ten years older than the
Japanese subjects, on average. The gender numbers were an almost
perfect fifty percent mix. There was a nearly equal amount of time
spent studying a third language between the two groups. There was a
large difference, however, in the estimates of time spent using
English each day. The Japanese subjects used English slightly more
than half of the time while the control subjects used it virtually
exclusively. Another large difference (and understandably so) was
seen in the years spent living in an English speaking country. This,
in fact, was the only single item in the questionnaire to be
statistically significant between groups, as indicated. In terms of
estimated time spent reading English each day, there was only about a
10-minute difference (average) between the groups.
Discussion Items 9-14 specify what type of reading was
done during the time indicated in item 8. Items 9—13 were considered
as "voluntary" reading according to Polak and Krashen (1988). Upon
viewing the averages between the Japanese and Americans in items 9-14,
the only noticeable difference is in item 14 concerning the reading of
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Table 11. Summary of the language experience questionnaire results
Means
Item Japanese Americans
1. Age 29.0 44.0
2. Gender F=9 M=11 F=5 M=5
4. Years of formal English
training
8.7 11.2
5. Years of studying a 3rd
language
2.0 2.3
6. Daily percentage of
English use
54.0 90.0
7. Number of years living in
an English speaking country
3.7 12+ (Pr>F=.0001)
8. Estimate of time spent
reading English daily {min)
90.4 102.4
* Items 9-14 use the following
0= Never 1= Once a month 2=
3= Once a week r'
scale:
= Several
= Several
times
times
a month
a week 5= Everyday
9. ♦Estimate of time spent
reading English newspapers
3.0 4.0
10. ♦Estimate of time spent
reading English magazines
3.1 3.0
11. ♦Estimate of time spent
reading English children's
books
0.25 0.6
12. ♦Estimate of time spent
reading English novels
0.9 2.3
13. ♦Estimate of time spent
reading English comics
0.6 0.1
14. ♦Estimate of time spent
reading English textbooks
4.1 1.3
Index. Includes items 4-14 33.4 47.0 (Pr>F=.0002>
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textbooks. Being that all of the Japanese subjects were students at
the time of the study, and only two of the Americans were, this
difference is not surprising. So, in this case, none of the elements
that made up the "voluntary" reading that Polak and Krashen (1988)
wrote about were statistically significant between the two groups.
More will be said about this in Section 3.
The last datum on Table 11, the Language Experience Index, was
created to summarize questionnaire results into a single score. Refer
to Table 6 for the methods used to derive these index scores. The
differences between groups in this index category were also
significant, as indicated. This does not mean that the index was
significant against any of the other variables within the Japanese
group, but only that the differences of the index scores between the
two groups were significant. This should not at all be surprising.
This significance does show that the control group was adequately
different from the treatment group in terms of English experience.
Within the Japanese group, the index score did not even correlate at
the r = .70 level. These results do not confer with the results found
by Mochizuki-Sudo and Kiritani (1991) nor Bohn and Flege (1990). With
a larger sample, however, the experience index may correlate more
highly.
1»2 Dictation task results
The purpose of the dictation task was to provide an arbitrary,
yet accurate, measure of relative English proficiency. While the
language experience questionnaire gave information from the subjects
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about their language use, the nature of humans to over and/or under
estimate themselves in various topics dictated (no pun intended) that
a more objective measure than the questionnaire be administered. The
results of the dictation task are summarized in Table 12. As
mentioned earlier, this task was scored using four standard criteria
including deletion errors, distortions of form and sequence, and
insertions. The sum of these errors was subtracted from 116, the
maximum score possible.
This was a most definitive task in terms of separating the two
groups. The control group, who were half the number of Japanese,
never averaged more than 1 error in any error category. Indeed, the
control group made only 9 errors altogether (erring only 1%). Seven
of those errors were made by one individual. The range of total
scores among the Japanese group went from 27 to 102. Beyond
separating the two groups, one will also note that deletion errors
were the source of the bulk of all errors committed. The differences
in deletion errors between the groups was significant, as indicated.
1*2.1 Discussion In conducting Pearson product correlation
coefficients, deletion errors correlated -.96 with the dictation total
score within the Japanese group (Table 13) and -.98 among all subjects
(Table 14). This means that as the number of deletion errors
increased, the dictation total scores dropped almost equally. This
suggests that virtually all of the total amount of dictation errors
could be attributed to deletion errors. These were the highest
correlations found in this study. Deletion errors also correlated
62
Table 12. Summary of dictation task scores
Errors
Japanese
n=20
Means
Americans
n=10
Deletions 30.8 0.4 (Pr>F=. 001)
Distortions of Form 8.8 0.2
Distortions of Sec[uence 0.5 0.0
Insertions 6.0 0.4
Total Correct/116 69.9 115.0 (Pr>F=. 0001)
Percent Correct 60.1 99.0
between the groups (Table 14) with distortions of form (r = .81),
spelling error totals (r = .82), /a/ errors (r = .83), and total vowel
errors (r = -.83), In this dictation task then, deletion errors were
the most important factor in displaying language proficiency between
both groups. Within the Japanese group alone, however, deletion
errors correlated at r = -.96 with the dictation total score (Table
13) even a stronger correlation, though not surprising. Table 15
provides Pearson product correlation coefficients for all the
variables tested. The low correlation of the index score, and
definitive correlation of the deletion errors and dictation total
score, lead one to believe that the questionnaire should not be used,
in any way, to measure language proficiency. Language experience and
proficiency are two very different things.
In terms of accomplishing its intended purpose, the dictation
task performed very well. Not only did it clearly separate the two
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Table 13, Pearson product correlation coefficients of r = .80 or more
in LI Japanese subjects
Pr>F= - - .001 .0001 - - - .0005
News VolRd Del Dictot ALEr LErtOt ISEr SERtot
News 1.0 .80
VolRd 1.0
Del 1.0 -.96
Dictot 1.0
ALEr 1.0 .92
LErtot 1.0
ISEr 1,0 .87
SErtot 2.0
Key:
News = Time spent reading an English newspaper
VolRd = Voluntary reading score
Del = Deletion errors from the Dictation Task
Dictot = Dictation Task number correct
ALEr = /ae/ listening errors
LErtot = Total listening errors
ISEr = /I/ speaking errors
SErtot = Total speaking errors
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Table 14. Pearson product correlation coefficients of r = .80 or
more in Japanese and American subjects
?r)F= .Mai .001 - .S001 .2891 .3601 .Ml - - .2885 .32 .0801 .SMI
Engliv Del Disfcrffi Dictot fiSpEr SpErtot ALEr LErtct ISEr SErtot lErtct AErtot VErtot
Engliv
Del
Disfora
Dictot
ASpEr
Sifrtot
ear
LErtot
ISEr
SErtot
lErtot
AErtot
VErtct
1.0 -.87 -.34
1.8 .31 .93 .92 .83 .S3
1.9 -.83 .33
1.3 -.81 -.86 -.85
l.S .86
1.0 .93 .86
1.0 .94 .85
1.0 .80
1.0 .89
1.0
1.8 .86
1.0 .94
1.8
Key
Engliv = Years living in English ALEr = /x/ Listening errors
country
Del = Deletion errors LErtot = Listening error total
Disform = Distortions of form ISEr = /I/ speaking errors
Dictot = Dictation total score SErtot = Speaking error total
ASpEr = /ae/ spelling errors lErtot = Total /I/ errors
SpErtot = Spelling error total AErtot = Total /ae/ errors
VErtot = Total vowel errors
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Table 15. Pearson product correlation coefficients of 36 variables of
Japanese subjects
Age Sex LI Engtrain 13 Peng Engliv Rdtise N'ew llag Child Novel Coaic Text Indsx
Age ! -.32 .
Sex ; .
Native language^ LI 1 .
Years, English trainings Engtrain [ -.ffi -.11 -
Years, third language trainings L3 i .S34 -
Daily percent usage of English= Peng
Years living, in English speaking country^
Ninutes, daily reading tifle=
Frequency, reading newspaper^
Frequency, reading sagazine=
Frequency, reading children's books=
Frequmcy, reading novel5=
FrequHicy, reading coaics=
Frequency, reading textbooks=
Language ftjestionnaire Index Score (Engtrain - Text)=
.49 -.43 .Ih
-.21
'6 .31 .57
iS -.24 -.19 -.09 .41
-.11 -.21 -.25
.34
.29
-.15 .15
.26 .43
Engliv ! .18 .33 .39
Rdtiae ! .23 -.01
Hems I .41
Hag i
.17
-.38
.17
-.37
.07
.2i
Child
.48
.26
.12
-.15
.47
.14
-.03
.57
.44
.22
f^vel
-.83
.26
-.18
.33
-.09
.34
.48
.21
.31
.35
Coaic
.kk>
.17 -.13
.11
no
IXU
-.06
.85
.51
.24
-.K
.14
.27
.23
Text
-.89
.35
.56
.54
.62
.55
.59
.19
.42
.37
.52
Index I
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Table 15. Continued
Del Disforffl Disseq Insert Dictot ISEr ESEr ASEr SErtot ISpEr ESpEr ASpEr SpErtot
Age
Sex
LI
Engtrain
L3
Peng
Englive
Rdtiiae
^jews
Hag
Child
Novel
Ccaic
Test
Index
.22 .31
-.97 .23
.31 ,35
-.23 -.33
-.15 -.27
-.39 -.49
-.35 -.33
-.<17 -.45
-.39 -.68
-.26 -.IB
-.21 -.29
-.38 -.21
.32 .32
-.50 -.60
Deletions Dg] ;
Errors
Distortions of= Disfora ; .22
Fora
Distortions of 5equ«ice= Disseq ;
Insertion errors=
Dictatiw Task total points=
/I/ speaking errors=
1^1 speaking error5=
/«/ speaking error5=
.28
-.29
.17
-.11
-.47
.34
.15
-.26
-.07
-.29
-.26
-.14
-.23
-.12
-17 OT 'n
ti.0 .1^
-.01 .04 .32
-.13
.37
.18
.22
.41
-.83
-,31
-.12
.02
-.57
-.58
-,02
-,30
-.26
.27
-.31
.44
.43
.01
.54
-.03 .04
-.54 ,36
-.29 -,22
-,14 -.003
-.24 .33
-.28 -.02
.12 -.04
-.22 .34
-.38 -.06
.21 .14
-.23 .04
.23 .13
.43 -.21
.47 -.18
.33 .23
-.33 -.10
ISEr ! .30
ESEr I
-.16
.27
.25
,43
.31
.53
.54
.23
.29
.33
-.09
.55
-.96
-.73
.01
.32 .21
Insert [ -.63
Dictot !
-.69
-,32
-.16
-.53
-.44
.39
-.56
-.31
.15
-.37
.01
.38
,16
.38
-.16
.40
,27
ASEr
.39 .27
.24 -.31
,52 -,03
.11 -.15
-.42
-.17
-.41
-.42
.29
-.34
-.23
.25
-.33
.18
-.33
.29
-.30
•.30
-.23
-.32
-.13
-.48
-.15
.08
-.13
-.32
-.53
.58
-.a
-.39
-.52
-.52
-.10
.72 -.02
.37 .21 .33
.33 .24 .16
-.38 -.03 -.14
.03 -.25 -.24
-.05 -.16 -.23
-.12 -.14 -.29
.13 .36 -.14
-.32 -.18 -.22
-.31 -.17 -.48
-.19 .06 -.10
-.31 -.06 -.05
-.15 .16 -.31
.31 .35 .23
-.06 -.34 -.36
.47 .22 .61
-.06 -.04 -.36
-.19 3.0 .13
-.38 -,25 -.58
-.38 -.25 -.57
0.0 .35 ,16
,15 -.19 .12
.32 .27 .16
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Table 15. Continued
ILER B-Er ALEr LErtct VolRd lErtot EErtot AErtot VErtct
Aae
LI
Efsgtrain
(7
uw
Peng
Efigliv
Rdtiffls
News
Hag
Child
Novel
Ccaic
Text
Index
Del
Disfors
Oisseq
Insert
Oictot
ISEr
ESr
ASEr
.12 -.05
.25 .39
.45
-.li
-.12
- "yn
,89
-.51
-.66
-.21
-.18
-.16
.13
-.33
.44
.57
-.12
.72
-.02
.24
.32
-.17
.16
-.2S
.21
e.s
.83
-.26
.15
.29
-.19
-.07
.87
.15
-.20
.17
-.05
-.13
.26
-.25
.16
-.20
-.21
.36
-.59
.35
-.10
-,3S
-.25
.05
.44
.04
-.37
.42
.48
-.16
.15
-.43
-.29
-.08
.03
-.07
.20
-.02
-.24
.87
-.52
.13
-.20
-.40
-.31
.84
.35
.203
-.37
.42
.37
-.21
.34
-.46
. nn
.82
.005
-.21
-.06
.45
.31
.16
.80
.76
.38
.71
.67
.20
.67
.53
.59
-.20
-.59
.62
-.34
.87
-.45
.20 -.11
-.09
-.53
-.39
-.13
-.ea
-.62
-.18
-.38
-.33
.17
-.58
.62
.45
.10
.72
-.63
.68
.33
.43
.15
.33
.32
-.35
.28
-.11
.01
-.24
.11
.34
.01
-.02
.12
.29
-.28
.26
-.87
.03
.67
-.11
.03
.11
.43
.63
.13
.48
.68
.12
.26
.18
-.61
.62
.62
-.86
.51
-.63
.15
•.04
.^2
.26
.12
-.32
-.49
-.62
-.10
•.55
•.65
•.16
.28
.11
.18
.57
.65
.47
-.07
.66
-.69
.35
.31
.44
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Table 15. Continued
ILEr ELEr ALEr LErtot >/oiRd lErtot EErtot AErtot VErtot
Speaking= SErtot 1 .13 -.13 -.17 -.11
Error total
m spellings ISpEr ; .23 .85 .43
Errors
/ / 5psllir.g= ESpEr ! .12 .23 .14 .15
Errors
! I 5peilinc= AScEr ! -.34 -.17 .11 .31
Errors
Spslling- sKrtDt i .13 —.06 .ij t-ii
Error total
m listenino errcr5= ILEr
-.4ii
-.37
•.Sa
-.:<7
/ / listeniRQ srror5=
/ / listsnina error5=
Listening error totals
Voluntary reading score (fjsHS - Coflic)=
/I/ error totals^
/ / error total5=
/ / error totals^
Vowel error totals=
£L£r : .37 .65 .13
fiLEr ; .72 -.10
LErtot : -.16
VolRd
.73
.49
.63
.27
.61
.47
.13
.13
.28
-.66
lErtot
.16
,u
.73
.18
.39
-.02
i .33
EErtot
.13
.74
.68
-.51
.66
.11
AERtot
.54
.64
.29
.55
.61
.58
.89
.46
.38
\trtot
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gi^oupS/ it also provided a range of scores within the Japanese groupof
27 to 102 points, with a standard deviation of 23.89. The production
of variation of scores is one of the key elements in any proficiency
test. This one seems to have performed quite well.
1.3 Spelling task results
The purpose of the spelling task was to see how subjects would
identify spoken vowels orthographically. This task also proved to be
absolutely discriminating. Table 16 shows a summary of these results.
The control group had perfect scores in all cases. This sort of
result would obviously make the Japanese group significantly
different, and it did. Also of note is that 81% of all the spelling
errors were made in misspelling /ce/. In Pearson product coefficient
correlations of both groups together (Table 14), spelling error totals
correlated with /ae/ error totals (Srtot) and all vowels error totals
(VErtot) at r = .90 and .86, respectively. The total spelling errors
(SpErtot) also correlated with the total dictation score (Dictot) at
r = -.81 and deletion errors (Del) at r = .82.
Discussion The spelling task did accomplish its
intended purpose in that the two groups were well defined, and the
individuals, in most cases, were able to clearly identify with
orthography, the vowels they heard. Within the Japanese group, this
task provided little variation with a standard deviation of only 1.53.
This was probably due to the fact that each subject had only three
repetitions of each vowel. Hence, the range of scores was only from 0
to 3 for any of the three vowels. An example of this was the Japanese
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Table 16. Summary of spelling task results
Error Category
Number of Errors
Japanese
n=20
Americans
n=10
ni n = 90 10 0
m n = 90 1 0
/®/ n = 90 46 0 (Pr>F=.0001)
Total Errors n = 270 57 0 (Pr>F=.0001)
Percent Error 21 0
subjects' performance with the English vowel jlj . With only one error
(98% accuracy) for all 20 subjects/ there was virtually no variation.
This implies that /f/ was easy for Japanese subjects to identify from
the context-free speech of native speakers.
On the other hand, the great effects of the difficulties in
spelling /se/ made up for much of the variation lost in /5/. The /ae/
errors were so significant that, in correlating the variables among
both groups, total spelling errors (SPErtot), the bulk of which were
/a/ errors, correlated with total /ae/ errors (AErtot) at r = .90, and
all the vowel errors (VErtot) at r = .86 (Table 13), So while there
was little variation for any one vowel, there were striking variations
of accuracy between the vowels identified by the Japanese subjects.
By recording the errors, not just the number of them, it was
possible to determine what the most likely spelling errors would be
for each vowel (Figure 2). In comparing these results with the
100_
Target —/I/—
3?= 86
71
/.
94
Sp= Spelling
L= Listening
S= Speaking
S= 52
Vowel
Figure 2. Percent frequency of English vowels used by Japanese
subjects by target vowel
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literature (Table 17), these Japanese subjects were most likely to
misspell /a/ as orthographic E (/f/), /£/ as orthographic A (/e/), and
/I/ as orthographic E (/i/). For the target vowel /as/, these Japanese
results corroborate with the findings of Read (1975) and Yannakoudakis
and Fawthrop (1983) in their LI English studies. Since there was only
Table 17. Summary of lax vowel results in two LI spelling error
studies (Table 4) and of L2 spelling errors in this study
Most likely Next most likely
Investigator Target vowel misspelling misspelling
Read (1975) /®/ E 0
(21 LI /f/ h I
children) /I/ E 0
Yannakoudakis /ae/ E I
& Fawthrop (1983) /f/ A I
(1377 spelling /I/ A E
errors by LI adults
Bungum (1994) /se/ E (/£/) i.e. head ER (/3/)
(20 L2 /f/ A (/e/) i.e. haid 0
adults) /I/ E (/i/) i.e. heed E (/£/>
one error made in misspelling /£/, no real statement can be made as to
how it would most likely be misspelled by Japanese subjects. Much
more repetition and many more subjects are needed to determine that.
The case for misspelling /I/ by these Japanese subjects corroborates
with the findings of Read (1975). In his study on LI E children,
children were most likely to misspell /I/ as orthographic E (Table 3).
Perhaps LI £ children and LI Japanese use phonological cues to arrive
at this decision. Phonologically /I/ is a high-front vowel, just a
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little lower and more central than /i/. This proximity may be a
reason why /I/ is often misspelled as E. This relative proximity
between these two vowels may be the "subtle" difference that Oiler and
Ziahosseiny (1970) spoke of in explaining their medial version of the
CAH.
1.4 Listening task results
The listening task was designed to have subjects aurally
discriminate the vowels they heard from a selection of possibilities.
Here again, definitive and significant differences were seen between
groups. A summary is found in Table 18. These results are similar to
previous results, the errors for /ae/ and the total errors being
significant. In this task /«/ errors made up 69% of all errors.
While /a/ was by far the most difficult vowel to identify, /I/ was the
easiest at 96% of the time, just a little higher than /5/ performance
at 91% (Figure 2).
1«4.1 Discussion In Pearson product correlation analysis
between groups (Table 14), listening errors did not correlate with
anything except themselves at a level of r = .80 or higher. /a/
listening errors (ALEr) correlated with total listening errors (LErot)
at r = .94. Within the Japanese group this correlation was at r = .91
(Table 13).
In following the difficulty of using the vowels properly in each
task, it can be seen in Figure 3 that in the spelling task /$/ was the
easiest to identify (by means of orthography) while in the listening
task /I/ was the easiest to discriminate. In the listening task the
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Table 18. Summary of listening task results
Error Category
/I/
m
/ae/
Total Errors
Percent Error
n =
n =
n =
n =
240
240
240
720
Number of errors
Japanese
n=20
6
18
53
77
11
Americans
n=10
0
2
0 (Pr>F=.0001)
2 (Pr>F=.0001)
<.01
correct use of /I/ was 13% greater than its use in the spelling task.
Perhaps this simply means that discriminating is easier than
identifying.
Of the three tasks (spelling/ listening, and speaking), subjects
performed best in the listening task. This corroborates with common
sense in that our listening capabilities are nearly always better than
reading/writing and speaking abilities, especially in a second
language.
1.5 Speaking task results
This task was designed to have LI English speakers rate the
vowels uttered by LI Japanese subjects so that the ratings could be
correlated with the data from the other tasks. Table 19 shows
speaking task results. In this task the errors made in speaking /I/
and /$/ are nearly identical at 48% and 47%, respectively. In Pearson
product correlations within the Japanese group (Table 13), the only
120- ili9e!I
E111-211
Target /I/ "/i/"'
Task Spelling.
x= 66
75
I
^peaking-
x= 79
II
II
m:
-Listening.
x= 85
Figure 3. Percent frequency of English vowels used by Japanese
subjects by task
Vowel
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Table 19. Summary of speaking task results
Number of errors
Error Category
Japanese
n=20
Americans
n=10
/I/ n = 180 29 3
/£/ n = 180 12 0
/»/ n = 180 28 0
Total Errors n = 540 69 3 (Pr>F=.0005)
Percent Error 13 <. 05
couplet above r = .80 was the /I/ speaking errors (ISEr) correlating
to total speaking errors (SErtot) at a level of r = .88. In the
spelling and listening tasks, only the /ae/ errors correlated at r =
.80 or more with the total task errors. In the speaking task,
however, it was /I/ errors, not /s/ which made the strongest
correlation to the task total errors. In this instance, then, even
though /I/ and /ce/ contributed almost equal amounts of errors, only
/I/ correlated strongly with total speaking errors (SErtot). See
Table 19.
1.5.1 Discussion Upon looking at Table 20, it appears that
spelling and listening have a similar pattern—most of the errors are
from /a/, and /a/ errors correlate most highly with the total errors
for those respective tasks. In speaking, on the other hand, /I/
appears to be the dominant source of error, albeit a dominance of <1
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Table 20. Comparison of vowels with the highest percentage of total
errors and vowels with the strongest correlation to total
task errors by task
Task
Vowel with
highest % of
errors
Vowel with strongest
correlation to total
task errors
Spelling /ffi/ (26%) /ffi/ r = .86
Listening /®/ (11%) /ae/ r = .94
Speaking /I/ (16%) /I/ r - .89
{/ffi/ (16%) /a/ r - .79}
percent (Table 19), In considering Figure 3, the dominance of error
by any vowel other than /as/ does not seem to make much sense at all.
To reexamine these data, the calculations were double-checked and
found to be sound. What was different, however, was the scoring
method used in the speaking task (refer to procedures section 3.61).
In the spelling and listening tasks, the errors were scored simply by
assigning one possible error per repetition. In the speaking task,
however, only the unique errors were tallied. Also, in the spelling
and listening tasks the n values were calculated simply by multiplying
the number of repetitions per subject by the number of subjects. In
the speaking task, the n value was derived by multiplying the
greatest number of unique errors from any one subject (subject 7 had
four unique /I/ errors) by the number of subjects. This method gave
an n value of 80 for each vowel, 240 for the whole speaking task.
Perhaps this less direct way of deciding on the n value is not the
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most accurate. This method may be what caused the apparent
discrepancy in comparing Table 19 with Figure 2.
Indeed, if the real number of repetitions, 2, were used to derive
the n value for the speaking task, the n value would be 60 for each
vowel and 180 for the whole speaking task. These n values would have
given a percent error plus percent accuracy value of 98% (Table 21).
Upon discovering this information Figures 2 and 3 were recalculated.
This recalculating, however, increased the percent accuracy column to
79%. Now the percent error plus percent accuracy columns produced a
sum of 117%. The dog was chasing his own tail, getting nowhere.
This recalculating, however, still did not explain why /&/ errors
in the speaking task did not correlate very strongly with the total
speaking errors. Since /I/ and /se/ differed in number of errors by
only 1, why wouldn't /ae/ errors correlate with the total errors as
they did for /I/?
The clue came from the frequency tables generated from the "proc
freq" command on the SAS statistical system (Table 22). In the
speaking task 10 people had no /s/ errors. Only 7 people had no /If
errors. In the Speaking Task there were 29 /I/ errors and 28 /ae/
errors. The reason ASEr didn't correlate with SErtot as much as ISEr
is that the greater number of O's occurring in the ASEr column (10)
would increase the distance from the slope line. That's all. So
while the number of errors for ISEr and ASEr were nearly the same, the
distribution of those errors affected the correlation coefficient in a
relatively large way, with a larger population the distribution of
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Table 21. Percent error (Tables 11, 13, 14) and percent accuracy of
tasks (Figure 3)
Task
Spelling
n = 180
Listening
n - 480
Speaking
n = 180
% Error
32
16
38
% Accuracy
66
85
79 (60)
*Sums do not equal 100% due to rounding.
Sum
98*
101*
117 (98)
Table 22. Frequency table for /I/ and /ae/ speaking errors (ISEr and
ASEr, respectively)
XSEr Frequency Percent ASEr Frequency Percent
0 « /i/
1 = /I/
2 = /e/
3 = Itl
4 = /a/
35
15
25
15
10
0 = /i/
1 = /I/
3 = m
10
1
9
errors would be more accurate and, hence, produce more reliable
correlation coefficients.
50
5
45
2. Results of Predictions
Four predictions, based on the literature, were made concerning
the results of this study. Each of these predictions will be repeated
here and then discussed below.
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1. Those subjects who do relatively more voluntary reading will
perform better in spelling (Polak & Krashen, 1988).
Figure 4 shows the plot of these two variables. In Pearson
product correlation analyses, total spelling errors and voluntary
reading scores did not correlate even to the .70 mark. Voluntary
reading scores did not correlate with anything above this level and,
therefore, is not reported in Tables 9 or 10. The data do not support
the first prediction.
2. Subjects who are relatively more accurate in their spelling will
have better vowel production (Templeton, 1979; Ehri & Wilce, 1980;
Amoroso, 1985; Templeton & Scarborough-Franks, 1985).
Figure 5 is a plot of spelling errors versus speaking errors. In
results similar to those in the first prediction, these two factors
also did not correlate to r = .80 or more. The average number of
spelling errors, three, did not vary significantly as the number of
speaking errors increased. Each subject had only 3 chances to spell
each vowel. With this number of chances, and only three vowels
altogether, the spelling task did not produce enough variation to
support the prediction.
3. Subjects who have relatively more proficiency in English will
perform better in the perception, production, and spelling of
vowels (Mochizuki-Sudo & Kiritani, 1991; Bohn & Flege, 1990).
In Figure 6 the results of the third prediction are summarized.
In this plot a linear relationship is easily seen. This relationship
is supported by ANOVA (Pr>F=.0001 for both variables) and correlation
analysis (r =—.86) as shown in Table 15 above. Figure 5 shows percent
correct vowel totals, not vowel errors as Table 18 shows (VErtot) and,
hence, the negative r value. The data supports prediction three.
% 10_
a
•>
c
•H
>.
L
U
B
16-
14—
12—
4—
2—
81
+ +
(3)
_//.
li 5 53 5 ii E 57
Spelling Task # Correct
58 5? 3"
Figure 4. Voluntary reading score* versus spelling task in Japanese
subjects ("includes questionnaire results on newspapers,
magazines, children's books, novels, and comic books)
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L
L
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I
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9-1
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4-
2-
1-
82
+
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(2)
(2)
1 5 ^3 3 i r
Spelling Errors
Figure 5. Speaking task errors versus spelling task errors in
Japanese subjects
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4. The subjects will have the greatest problems with /I/ and /5/
(Flege, 1987; Vance, 1987; Amoroso, 1985).
Figure 7 shows the results of this fourth prediction. Clearly,
the prediction is not supported. /«e/ was by far the most troublesome
vowel in all three tasks for the Japanese subjects.
3. Conclusions
When people are learning sounds that are new to them, what is the
interaction between what they hear (perception), say (production), and
spell? What is the connection or interaction among these three
factors? Is there a hierarchy among them? What are the effects of
experience or proficiency on these factors? How can this interaction
be measured in a relatively simple and objective manner?
These were the questions stated in the introduction of this
paper. These questions were summarized and formed into the four
predictions. Is there a hierarchy? Yes, there is, in terms of the
relative order of acquisition. The data here suggest that listening
ability precedes speaking ability, and speaking ability precedes
spelling ability. Perception ability precedes production ability, and
these two precede spelling ability. The data also suggest that while
it's possible that Japanese subjects refer to the pronunciation they
hear when pronouncing a sound, they do not seem to refer to either
their perception or production when spelling, at least when spelling a
difficult vowel like /ae/. /ae/ is probably the most difficult for LI
Japanese because it least resembles any of the Japanese vowels. In
Japanese there are no low-front vowels. This would support any
L
0
L
L
LU
N*
17.
15-
12.:
10—
7.;
2.
85
15.1
r5.4
4.7
/I/
Target
ae/
Figure 7. Percent errors in the target vowels in spelling, listening,
and speaking tasks of Japanese subjects
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version of the contrastive analysis hypothesis, depending on one's
viewpoint.
This study also demonstrated the differences between proficiency
and experience by means of the dictation task and language experience
questionnaire. For the Japanese subjects# the dictation task proved
to be a good indicator of vowel use ability, especially the ability to
use /se/, the most difficult of the vowels used in this study. The
questionnaire may have been more accurate in indicating vowel use
proficiency if more subjects had been used. Within the questionnaire,
the best indicator of overall, and /ae/, vowel proficiency was the
number of years spent living in an English speaking country. Living a
language seems to be a better teacher than all the books and teachers
in one's native language.
The tasks used here were easy to do, but often times difficult in
terms of data management. With more practice, better and more
sophisticated statistical tools could be applied to produce an overall
strong tool for vowel proficiency measurement.
In terms of teaching, this study supports the listening first,
speaking second, spelling (writing) third idea. For Japanese ESL
students, mastery of /se/ will take longer. Mastery of /®/ is also a
good measure of relative overall proficiency. For teachers this means
extra time, care, and practice should probably be used in teaching
this vowel.
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LINGUISTICS RESEPfiCH
Informed Consent Form
Hello. My name is Phil Bungum. I am a graduate student in English (TESL).
I am doing a linguistic research project for my thesis. For this research
I need your help by taking 5 short tests on campus at your convenience.
Thank you for your interest and help in this research.
PLF?POSEs The purpose of this experiment is to better understand certain
linguistic relationships.
I'm sorry but I cannot offer you anything in return for helping me. Your
participation is voluntary. You may quit at any time if you like. None of
the results will have any affect on any of your grades.
In this experiment you will be asked to complete a language experience
questionnaire, a cloze exercise, and listening, speaking, and spelling
exercises.
Your name will not be used or recorded on any of the exercises or in any of
the data. The only record of your identity will be a number, which will be
on each of the papers you complete. Your voice will also be recorded but
again, the only reference to your identity will be your number.
The exercises will take about one hour to complete. They will take place
in a quiet classroom on campus in your free time.
If you have any questions about these tests, please call me at 296-7227.
If you agree to participate in these tests, please complete the information
below. Your signature means that you understand that your answers will be
kept confidential. Your signature does not legally bind you to participate
in this research.
Thank you very much.
Phil Bungum
I understand the statements given above and agree to be a subject in this
experiment.
Name (please print) Telephone 41
Signature Date
Appointment! Time Place
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LP^JGLJAGE BACKGROUND OUESTIOMVWIRE
Please answer the follcDwing questions as best as you can. Your answers
will be kept strictly confidential. The purpose of this research is to
investigate linguistic relationships. Thank you very much.
1. What is your age?
A B C D E F
11-20 21-30 31-40 41-50 51-60 60^-
2. Gender?
A B
male female
3. What is/are your native language/s?_
4. How many years of formal English language training have you had?
A B C D E F
0-1 2-3 4-6 7-9 10-12 12+
5. How many years of formal training have you had in languages other than
English (i.e. a third language)?
A B C D E F
0-1 2-3 4-6 7-9 10-12 12+
6. How much do you presently use English in your daily life?
A B C D E
0-20*/. 21-407. 41-607. 61-817. 81-1007.
7. How many years have you been in an English speaking country?
A B C D E F
0-1 2-3 4-6 7-9 10-12 12+
8. Approximately how much time do you spend reading each day?
A B C D E F
0-30 31-60 1:01-1:30 1:31-2:00 2:01-2:30 2:31+
minutes minutes hr5:min hrs:min hrs:min hrs:min
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9, How often do ycxi read an English newspaper?
D
once a
week
E
several
times a
week
A
never
B
once a
month
C
several
times a
month
10. How often do you read English magazines?
A
never
B
once a
month
C
several
times a
month
D
once a
week
E
several
times a
week
11. How oft»i do you read English childrens' books?
A
never
B
once a
month
C
several
times a
month
D
once a
week
12. How often do you read English novels?
A
never
B
once a
month
C
several
times a
month
D
once a
week
13. How often do you read English comic books?
A
never
B
once a
month
C
severa1
times a
month
D
once a
week
E
several
times a
week
E
several
times a
week
E
several
times a
week
14. How often do you read English textbooks?
A B C D E
never once a several once a several
month times a week times a
month week
F
everyday
F
everyday
F
everyday
F
everyday
F
everyday
F
everyday
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DICTATION TASK
Instructions:
First, listen as the instructor reads the paragraph at a
normal rate. Second, begin to write as the instructor reads the
sentences again, sentence by sentence. The instructor will tell you when
to punctuate. Third, correct your work as the paragraph is read a third
time at a normal rate. Remember:
First—> listen
Second—> write
Third—> correct
PLEASE WRITE ON EVERY DTT-ER SPACE
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DICTATION TASK
Instructions:
First, listen as the instructor reads the paragraph at a
normal rate. Second, begin to write as the instructor reads the
sentences again, sentence by sentence. The instructor will tell you when
to punctuate. Third, correct your work as the paragraph is read a third
time at a normal rate. Remember:
First—> listen
Second—> write
Third—> correct
Source: Reading Together by Karl Krahnke, St. Martin's Press, 1991, p. 107,
Food Glorious Food-
Hamburgers have an interesting history./ They were made at one time
in the German city of Hamburg,/ but the custom of chopping meat was
begun by the Tartars of Central Asia/ more than a thousand years ago./
They chopped the meat of cows because the meat was tough,/ and they
often ate the meat raw./ Many centuries later, Russian Tartars carried
the custom of eating chopped meat to Germany./ Germans began to eat
chopped meat also,/ and in the city of Hamburg,/ chopped meat was eaten
both cooked and raw/ and became known as "Hamburger steak."/ Then in
the late nineteenth century,/ German immigrants to the United States
brcught the custom of eating chopped meat steak./
*****Average words/phrase= 8.92 of 13****# 116 words total
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REDDRDED R^VJDOMIZED WORDLIST FDR SPELLING TASK A
Instructicsns:
You will hear three (3) lists of ten words each. Please spell
each word you hear as best as you can. Some of the words may be new to
you. Even if you don't know the word, try to spell it anyhow. All of the
words begin with the /h/ sound and end with the /d/ sound. All you need to
do is write in the rest of the letters you hear. There are only 10 words,
the same words in each list, but in different order. Some of the words may
have a silent e at the end. You will htave ten (10) seconds to spell each
word. The words will be repeated, when the list of 10 words is finished,
if you like. For practice, the words you will hear are:
1. 2. 3. 4. 5. 6. 7. 8. 9. 10.
Trl .who'd hod heed hawed hand hayed head hid had hoed-12
47. hawed heed hayed hnd hid had hnnd who'd hnpd head
56. hood hayed head heed who'd hoed hawed hid hnri had
62. hawed had hid hayed hoed hayed heed hoed head who'd
RECORDED R^MDOMIZED WORDLIST FOR SPELLING TASK B
Instructions:
You will hear three (3) lists of ten words each. Please spell
each word you hear as best as you can. Some of the words may be new to
you. Even if you don't know the word, try to spell it anyhow. All of the
words begin with the /h/ sound and end with the /d/ sound. All you need to
do is write in the rest of the letters you hear. There are only 10 words,
the same words in each list, but in different order. Some of the words may
have a silent e at the end. You will have ten (10) seconds to spell each
word. The words will be repeated, when the list of 10 words is finished,
if you like. For practice, the words you will hear are;
1. 2. 3.
Trl.who'd hoed hid
4. 5. 6. 7. 8. 9. 10.
hnd head had heed hayed hnnri hawed40
hawed hayed had head hod heed hid
had hnd head hid hawed hoed who'd
hawed hod had hid head heed hayed
24. hoed who'd hood
71. heed hayed hood
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RECXDRDED R<^vmiIZED WORDLIST FOR SPELLING TASK C
Instructions:
You will hear three (3) lists of ten words each. Please spell
each word you hear as best as you can. Some of the words may be new to
you. Even if you don't know the word, try to spell it anyhow. All of the
words begin with the /h/ sound and end with the /d/ sound. All you need to
do is write in the rest of the letters you hear. There are only 10 words,
the same words in each list, but in different order. Some of the words may
have a silent e at the end. You will have ten (10) seconds to spell each
word. The words will be repeated, when the list of 10 words is finished,
if you like. For practice, the words yoj will hear are;
1. 2. 3. 4. 5. 6. 7. a. 9. 10.
Trl .head hid hoed hnri h>ayed hnnd heed who'd hawed had-41
53. hid head hawed who'd hnd hayed hoed had heed hnnd
63. heed hod hid hayed hoed hawed had hood hiead who'd
74. head hod hid who'd hawed hayed hood had heed hoed
RECORDED R^WDOMIZED WORDLIST FOR SPELLING TASK D
Instructions:
You will hear three (3) lists of ten words each. Please spell
each word you hear as best as you can. Some of the words may be new to
you. Even if you don't know the word, try to spell it anyhow. All of the
words begin with the /h/ sound and end with the /d/ sound. All you need to
do is write in the rest of the letters you hear. There are only 10 words,
the same words in each list, but in different order. Some of the words may
have a silent e at the end. You will have ten (10) seconds to spell each
word. The words will be repeated, when the list of 10 words is finished,
if you like. For practice, the words you will hear are:
1. 2. 3. 4. 5. 6. 7. e. 9. 10.
who'd had hnd hid heed hnnd hayed head-57
hrxi had hteed hayed hawed hood head who'd
had heed hoed hnd hid who'd head hawed
hoed who'd hood head hayed htawed hod heed2. had hid
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LISTENING TASK
Instructions:
In this task you must decide what word you hear from the five
possible words shown. If you think you heard "had", then circle "had", and
so on. If you don't hear any of the words shown, then circle "NQTvE". You
will have five (5) seconds to select the word you hear. The word will be
repeated (only once) if you like.
A
LISTEN—> heed
B
hid
C
hayed
D
head
E
had
F
NOSE
Trial 1 heed hid hayed head had NONE
Trial 2 heed hid hayed head had NONE
Trial 3 heed hid hayed head had NONE
1. heed hid hayed head had NOf\E
2. heed hid hayed head had NONE
3. heed hid hayed head had NOTE
4. heed hid hayed head had NOVE
5. heed hid hayed head had NOTvE
6. heed hid hayed head had NOfvE
7. heed hid hayed head had NOtvE
8. hteed hid hayed head hiad NOfvE
9. heed hid hayed head had NOrvE
10. heed hid hayed head had NCTE
11. heed hid hayed head liad NONE
12. heed hid hayed head had NOIVE
13. heed hid hayed htead had NOr\E
14. heed hid heyed head htad note:
15. heed hid hayed head had NDf\E
16. heed hid hayed head had NOvE
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LISTENING TASK, CCTiTINUED
17. heed hid hayed head had NOr\E
IB. heed hid hayed head had NC*^
19. heed hid hayed head had NONE
20. heed hid hayed head had NOTC
21. heed hid hayed head had NC3\E
22. heed hid hayed head had NOIVE
23. heed hid hayed head had NONE
24. heed hid hayed head had NOTE
25. heed hid hayed head hiad NC1\E
26. heed hid hayed head had NONE
27. heed hid hayed head had NOIVE
28. heed hid hayed head had NONE
29. heed hid hayed head had N•^E
30. heed hid hayed head had NONE
31. heed hid hayed head had NOTE
32. heed hid hayed head had NOT^E
33. heed hid hayed head had NOfvE
34. heed hid hayed head had NDIVE
35. heed hid hayed head had NOTE
36. heed hid hayed head had NOTE
37. heed hid hayed head had NONE
38. heed hid hayed head had N•^E
39. heed hid hayed head had NDIVE
40. heed hid hayed head had N•^E
105
SPEAKING TASK A
Instructions:
Please read this list of words silently. When you are ready,
pronounce the list of words, as best you can, into the microphone when I
give the signal. If you are not satisfied with your pronunciation of a
word, please repeat it once more and then continue the rest of the list.
1. 2. 3. 4. 5. 6. 7, 8. 9. 10.
List
I hawed hod who'd hood hoed hayed heed had head hid
II hid who'd hawed hod hood head hayed had heed hnpd
III hayed hawed head hieed had hood hid hoed who'd hiod
SPEAKING TASK B
Instructions:
Please read this list of words silently. When you are ready,
pronounce the list of words, as best you can, into the microphone when I
give the signal. If you are not satisfied with your pronunciation of a
word, please repeat it once more and then continue the rest of the list.
1. 2. 3. 4. 5. 6. 7. 8. 9, 10,
List
I hod had hawed head hayed who'd hnpd hnnd heed hid
II hayed heed hood hnpd hayed hnd had head hid who'd
III who'd heed hid hood head hod had hayed hoed hawed
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SPEAKING TASK C
Instructions:
Please read this list of words silently. When you are ready,
pronounce the list of words, as best you can, into the microphone when I
give the signal. If you are not satisfied with your pronunciation of a
word, please repeat it once more and then continue the rest of the list.
1. 2. 3. 4. 5. 7. 8. 9. 10.
List
I heed hoed hnd hayed hid hawed hood who'd head had
II head hid had hayed who'd hawed hnri hood hoed heed
III hoed who'd hid hod hayed head hood heed hawed hiad
SPEAKING TASK D
Instructions:
Please read this list of words silently. When you are ready,
pronounce the lists of words, as best you can, into the microphone when I
give the signal. If you are not satisfied with your pronunciation of a
word, please repeat it once more and then continue the rest of the list.
1. 2. 3. 4. 5. 6. 7. 8. 9. 10.
List
I Itayed hmpd head hawed had hid heed who'd hnd hood
II hawed head horl hoed hid hayed who'd had heed hood
III hoed had hayed hawed hid head hod who'd hood heed
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APPENDIX B
Code Key
Column Heading Code
108
RAW DATA
Example —> ISpl
I = /I/
E = /£/
A = /EB/
Sp = Spelling Task
L = Listening Task
S = Speaking Task
1 = Repjetition number i
Er = Number of Errors
...tot = total
Si = Small i —>/i/
Se = Small e —>/e/
N = None of the vowels shown
Vowel Data Code
0 = /i/
1 = /I/
2 = /e/
3 = 7^/
4 = /a/
5 = /A/
6 = /3/
7 = /o/
8 = /u/
9 = /U/
10 = /r/
11 = /ai/
12 = /ar/
13 = /la /
22 = N•^E
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RAW DATA
Language Experience Questi&inaire
1 1 n 3 4 5 6 7 8 9 18 U 12 13 14
» t t * 1 ( t t t it) Tot Tot Tot Tot
ID Age Sex Li Engtrian L3 Peng Engliv Rdtlse flag Child Novel CcHsic Text Index lErX EErX fiErZ
91 25.5 0 8 8 2.5 10 n P 151
y
0 8 0 5 29.8 22 0 62 28
S2 25.5 0 8 8.5 73 2.5 151 5 3 5 5 41.0 0 4 75 26
S3 25.5 8 8 8,5 18 8,5 15 3 0 8 8 3 18.8 11 8 58 23
04 25.5 0 8 8.5 10 5.0 15 3 4 0 4 28.5 nn 0 54 25
85 35.5 8 0 8 8.5 90 8.5 15 8 4 8 0 0 0 28.8 6 4 55 22
06 45.5 0 8 11 0.5 78 2.5 45 4 8 0 2 8 4 26.8 43 6 43 31
07 35.5 0 3 11 2.5 30 5.0 45 3 3 1 8 0 5 35.5 22 6 53 26
83 25.5 1 0 12+ 8.5 2.5 135 8 0 0 0 0 5 26.8 24 8 71 34
09 35.5 1 e 8 2.5 18 0.5 75 8 8 0 8 8 4 19.8 49 31 71 58
10 35.5 1 0 11 2.5 5.0 15 1 4 I 1 0 4 35.5 17 6 39 21
11 35.5 8 0 8 8.5 50 8.0 75 4 4 8 0 0 8 38.5 8 8 21 10
12 15.5 8 8 S 11 58 2.5 151 2 4 0 8 8 5 41.5 0 13 19 11
13 25.5 0 0 11 2.5 78 2.5 151 4 yV 8 1 0 4 38.0 17 21 39 26
14 15.5 8 0 e. 8.5 50 2.5 45 4 4 8 1 I 4 27.0 22 18 23
15 25.5 1 8 s 2.5 98 5.8 151 4 4 0 2 5 43.5 0 6 46 17
16 35.5 0 0 8 0.5 78 12+ 151 4 4 8 1 0 5 44.5 8 0 33 11
17 35.5 1 0 11 8.5 2.5 75 4 5 8 2 3 5 37.8 17 18 46 24
18 25.5 1 8 8 2.5 98 5.0 45 4 5 1 3 1 4 48.5 0 10 19 18
19 25.5 0 0 5 2.5 98 5.8 151 3 3 8 0 0 5 44.5 0? 8 42 21
28 25.5 8 8 8 2.5 78 2.5 151 5 5 0 n 5 42.0 6 IS 46 23
21 55.5 1 12+ 5.0 98 12+ 151 5 4 8 5 0 0 54.0 8 8 8 0
22 55.5 8 12+ 5.8 90 12+ 151 5 5 0 1 8 5 56.8 0 0 0 8
17 35.5 1 12+ 2.5 98 12+ 75 3 3 3 3 0 0 49.5 8 8 8 0
24 35.5 1 5 9.5 98 12+ 45 4 2 8 0L 8 8 32.5 6 4 0 3
25 45.5 1 12+ 5.8 90 12+ 45 4 5 3 3 0 0 51.8 8 8 8 0
26 35.5 0 li 0.5 98 12+ 45 3 4 8 0 I 1 39.5 6 0 0 2
27 35.5 8 12+ 8.5 90 12+ 151 5 2 0 n 0 2 46.5 0 8 8 0
28 25.5 0V 12+ 2.5 98 12+ 151 2 0 8 1 0 5 58.5 8 0 e 8
29 55.5 0 12+ 8.5 98 12+ 135 4 5 0 4 (2V 8 47.5 0 4 8 1
38 55.5 1 12+ 8.5 90 12+ 75 4 4 0 2 0 0 42.5 6 8 8
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RAW DATA
Dictaticn Task Spelling Task
ID Del Disfore Disseq Insert Dictot ISpi ISp2 ISp3 ISpEr ESpl ESp2 ESp3 ESpEr ASpl ASp2 ASp3 ASpEr SpErtot
-KEY 8 0 0 0 116 1 1 0 7 7 3 8 4 4 4 8 8
81 13 12 3 5 78 1 1 0 3 3 3 0 3 3 13 3 3
62 7 9 0 1 99 1 1 0
y
j 3 7 8 3 7 3 3 3
133 ^•3 16 1 4 65 1 1 8 *m' 7w* 3 0 3 7 7 3 3
84 26 6 8 2 62 3 1 1 y0 7 3 0 \ 3 3 4
85 43 13 0 3 57 1 1 0 3 3 7 8 tw 7«b' 3 •J 3
06 51 15 1 5 44 3 7 3 y 0 7 - y 2 5
87 33 11 n 17 43 1 1 8 y0 3 Cf 0 y y 3 3 3
m 49 IS 0 22 27 1 1 0
y
V 3 3 8 3 4 3 7 3
09 57 10 0 28 34 11 0 3 3 3 n2. 1 3 3 3 3 7
10 34 9 8 4 69 1 1 8 3 3 3 8 3 8 4 2
11 10 2 2 0 102 1 1 0 TV 3 3 8 4 4 4 0 0
12 16 3 0 3 94 1 1 0 3 3 3 0 4 3 3 1 1
13 15 4 8 5 92 1 1 8 7 3 3 0 4 18 4 2 2
14 57 7 8 4 38 n 3 3 3 0 10 4 1 1 3
15 11 y 0 6 96 1 1 0 y 3 3 0 3 3 3 3 3
U 18 5 0 7 36 1 1 8 3 3 3 8 3 18 3 3 3
17 41 12 4 58 1 1 0 3 3 3 3 3 12 3 3 3
18 11 5 0 T 97 1 1 0 0 3 3 0 4 4 3 1 1
19 51 10 8 3 52 3 I 1 j 3 3 8 yw 3 3 3 4
20 32 c 0 1 73 1 1 0 3 3 y 0 3 •T 3 3 3
21 0 8 8 8 116 1 1 8 3 3 3 8 4 4 4 3 0
22 0 0 0 0 116 1 1 0 3 3 3 3 4 4 4 0 8
23 8 0 0 0 116 1 1 0 3 3 y 0 4 4 4 0 0
24 3 8 8 8 116 1 1 8 3 3 3 0 4 4 4 0 8
25 0 1 0 0 115 1 1 0 T0 3 3 0 4 4 4 8 0
26 8 1 0 8 115 1 1 8 3 3 3 0 4 4 4 0 0
m 0 8 0 8 116 1 1 0 3 3 3 0 4 n 4 0 8
28 9 0 0 0 116 1 1 0 3 3 3 8 4 4 4 3 0
29 3 8 8 8 116 1 1 8 3 3 3 8 4 4 4 0 3
33 4 0 0 4 108 1 1 0 3 y 3 flV 4 4 4 8 0
Ill
f=?AW DATA
Listsnlno Task
ID ILl IL2 IL3 4 IL5 IL6 IL7 IL8 ILEr ELI EL2 a3 a4 aS EI6 EL7 aS ELEr ti.1 AL2 fLZ AL4 «.5 fL6 PL7 ALB ALEr
KEY 1 1 1 11110 3 3 3 3 3 3 f0 7 0 g 4 4 4 4 4 4 4 0
81 1 1 1 11118 3 3 7 3 3 3 T0 0 8 3 4 3 4 4 4 7 4 3
02 1 1 1 11118 3 3 3 3 7 0 3 2 1 y0 4 7 4 7 7V J 3 3 6
83 1 I 1 11110 3 •7 3 3 3 3 3 7v 8 V 4 4 tV 4 4 4 4
04 1 1 1 11118 3 3 3 V 3 3 T0 3 0 4 4 3 4 4 4 4 4 1
05 1 1 1 11110 3 3 3 3 3 3 4 3 1 4 3 3 4 3 4 3 4 4
86 1 1 1 13 111 3 3 3 3 3 3 3 3 8 7V* 4 3 3 4 4 3 3 5
87 1 1 1 11118 3 3 3 3 3 3 3 3 0 4 4 4 4 4 4 4 4 0
88 1 1 1 1 22 0 22 3 3 4 4 3 3 3 3 T0 04 3 4 7 4 3 3 3 4 5
89 1 1 I 11111 2 3 2 3 3 3 3 T0 0 3 4 ni. 22 2 4 4 2 5
18 1 1 1 11118 ?V 3 3 3 3 3 T0
T
0 4 4 4 4 4 4 4 4 8
11 1 1 i 11110 3 3 4 3 3 3 3 4 2 4 4 4 4 1 22 4 4 1
12 1 1 1 11118 3 3 3 3 7V 3 3 3 7 3 4 4 4 1 4 4 4 2
13 1 1 1 11110 3 3 3 3 3 4 3 3 4 4 4 4 4 4 4 4 0
14 1 1 1 11110 3 3 3 3 3 4 3 3 22 4 22 22 4 22 nn 3 6
15 1 1 1 11118 3 3 3 3 3 3 3 3 0 3 3 3 3 \ 4 4 4 3
16 1 1 1 11110 3 3 3 3 3 3 3 3 0 4 4 4 4 1 4 4 4 0
17 1 1 1 11118 3 3 3 3 3 4 3 7 1 3 4 T 4 4 4 3 4 3
18 1 1 1 11110 4 3 3 3 3 3 3 3 1 4 4 t 4 4 4 4 3 2
19 1 1 8 11111 3 3 3 3 3 3 3 w* 0 3 4 4 4 4 4 4 3 2
20 I 1 1 11110 1 3 3 3 2 3 3 y 7 4 7 4 4 3 4 4 3
21 1 1 1 11110 3 3 3 7V 3 3 3 y 0 4 4 4 4 4 4 4 4 8
22 1 1 1 11118
•T
0 3 3 7 3 3 3 3 8 4 4 4 4 ^ 4 4 4 0
23 1 1 1 11110 3 3 3 3 3 3 3 3 0 4 4 4 4 ^ 4 4 4 8
24 1 1 1 11118 3 3 3 3 3 3 3 1 4 4 4 4 ^ 4 4 4 0
25 1 1 1 11110 3 3 3 3 3 3 3 3 8 4 4 4 4 4 4 4 4 8
26 1 1 1 11110 3 3 3 3 3 3 3 3 0 4 4 4 4 4 4 4 4 0
27 1 1 1 11110 3 3 3 3 3 3 3 3 8 4 4 4 4 4 4 4 4 8
28 1 1 1 11110 3 3 3 3 3 3 3 3 0 4 4 4 4 4 4 4 4 0-
29 1 1 1 11118 3 3 3 3
y
3 1 3 1 4 4 4 4 4 4 4 4 8
30 1 1 1 11110 7 3 3 3 3 3 3 3 0 4 4 4 4 4 4 4 4 0
112
RAW DATA
listEninq Task, C&itlnued
IB lEfilErtDt SiLl SiL2_SiL3 SiL4 SiL5 SiL6 SiLEr SeLl EsL2 SeL3 SeL4 SbL5 SeLEr Ml fl2 .'14 M.5 flEr LErtot
KEYS 83 0 8 8 0 8 2 2 2 2 2 8 22 22 22 22 22 8 8
91 3 8 8 8 8 8 8 8 8 8 8 jl 0 0 22 00dmL 00 22 22 8 5
82 7 8 8 8 8 8 8 8 I 8 14 1 22 22 22 4 4 0X 18
83 2 8 8 8 8 8 8 8 8 2 0 i1 00 00 22 22 22 aV 3
84 1 8 8 0 0 8 8 8 0 0 8 2 0 22 22 22 00XX 00XX 0 3
85 5 8 8 8 8 8 8 nV n 0 2 2 0X 1 22 22 22 22 4 1 7
86 6 22 8 8 8 0 0 1 2 2 0L n 2 8 4 2 0 00XX 4 4 11
87 8 8 8 8 8 8 8 0 n 2 n 22 1 22 22 22 22 00XX 8 1
88 18 8 0 8 8 8 8 8 8 2 2 8 22 3 22 22 22 4 22 1 14
89 8 8 0 8 8 8 8 8 8 3 0 04 2 0i. 00ip^ 00 22 22 22 8 10
18 0 8 8 0 8 0 8 8 n 2 04 0 22 22 22 22 00XX 8 8
11 3 8 8 8 8 8 0 0 8 2 2 8 1. 2 22 22 00XX 00XX 22 8 5
12 T 8 0 8 8 8 8 8 n 2 2 2 2 8 22 22 22 4 22 I 3
13 1 0 0 0 0 8 8 8 8 2 2 2 2 1 22 22 00XX 22 4 1 3
14 7 8 8 0 8 8 8 8 2 2 2 2 0 8 22 22 'nXX OOXX 22 8 7
15 4 8 8 8 8 8 0 0 2 2 2 04 1 8 00 00 00XX 22 22 0 4
16 8 8 8 8 0 8 8 8 8 8 0 2 2 2 22 22 22 22 00XX 8 2
17 4 8 0 0 0 8 8 8 nL T 04 2 2 8 22 22 22 00XX 22 8 4
18 3 8 8 8 8 0 8 8 2 2 2
n 1 8 22 00 22 4 4 nX 5
19 o 0 8 8 8 8 8 8 8 n 2 2 2 8 22 22 22 22 00XX 8 oL
28 6 8 8 8 8 8 8 8 8 8 8 8 8 5 22 22 22 22 22 8 11
21 8 0 0 8 0 8 8 8 0 2 2 2 2 8 22 00 00XX OOXX 22 8 8
22 8 0 8 0 8 8 8 0 n nA 2 2 8 22 22 22 22 22 0 8
23 8 8 8 8 8 8 8 8 2 2 2 2 8 22 22 00XX OOXX 22 8 0
24 1 8 0 8 0 8 8 8 2 2 2 0 0 8 22 22 22 22 22 8 1
25 8 0 8 0 8 8 8 8 0 0 0 0X 8 22 22 00XX 00XX 22 8 8
26 8 8 8 8 8 0 0 8 n n 2 2 2 8 00^4, 00 22 22 22 8 0
27 8 8 0 8 0 8 8 8 2 2 2 04 n 8 22 22 22 22 00XX 8 8
28 8 8 8 0 0 8 0 8 2 2 2 0 2 8 22 22 00XX OOXX 22 8 8
29 1 0 8 8 8 8 0 8 n 8 8 4 3 22 00AX 22 22 22 8 4
30 8 8 8 8 8 8 8 8 T n 2 2 2 8 oo OO 22 22 22 8 8
L13
RAW DATA
Shaking Task
ID 131 IS2 IS3 ISA IS5 IBS ISEr £S1 ES2 E53 ES4 ESS ES6 ESSr ASI AS2 AS3 AS4 ASS ASi ASEr ASErtot
KEY 1 1 1 1 1 1 0 T 3
y
V
3 3 3 8 4 4 4 4 4 0 0
81 8 8 0 0 8 3 4 3 3 3 3 3 0 5 5 5 5 5 3 7
32 1 1 1 1 0 3 3 3 7•j 3 3 0 5 5 5 5 5 3 3
03 k 8 1 0 V 2 3 Tv) 3 3 3 3 8 5 5 8 5 5 7 5
84 1 1 1 0 0 TI. 3 3 3 3 3 3 0 3 3 3 3 4 3 5
85 1 1 8 1 1 3 3 3
T
V 3 3 0 4 4 4 3 4 1 2
86 1 0 1 1 1 1 1 3 3 4 70 3 3 1 4 4 4 4 4 0 2
87 1 3 4 8 2 4 4 1 5 1 1 5 1 X 0 3 3 8 3 3 8
03 1 1 3 1 1 3 1 3 3 3 3 3 3 0 5 5 5 4 5 3 5
39 1 1 1 0 0 2 3 3 3 8 3 2 3 3 3 4 4 3 7
18 0 1 1 8 0 3 3 3 3 3 3 1 3 3 3 3 4 3 7
11 1 1 1 1 1 0 3 3 3 3 3 3 8 4 4 4 4 4 8 0
12 1 1 1 1 1 0 3 3 3 3 T 3 0 3 3 3 4 4 3 3
13 2 2 2 2 1 1 3 3 4 4 4 3 3 3 4 4 4 4 4 0 6
14 1 1 1 1 1 1 8 3 3 3 7 3 4 i 4 4 4 4 4 0 1
15 1 1 1 1 1 1 8 3 3 4 3 3 4 1 4 4 4 4 4 8 1
16 1 1 1 1 1 1 0 3 3 3 3 3 3 0 4 4 4 4 4 0 0
17 8 0 0 0 0 3 3 3 3 3 1 3 1 4 4 4 4 4 0 4
18 1 1 1 1 1 8 0 3 3 4 3 3 i 4 4 4 4 4 8 1
19 e 1 1 8 1 1 1 3 3 3 3 3 3 8 4 4 4 4 4 8 1
28 3 3 1 3 3 3 3 4 3 3 3 1 4 4 4 4 4 0 3
21 1 1 1 1 1 0 3 3 3 3 3 3 0 4 4 4 4 4 8 8
22 1 1 1 1 1 8 3 3 3 3 3 3 8 4 4 4 4 4 0 8
23 1 1 1 1 1 1 8 3 3 3 3 3 3 0 4 4 4 4 4 0 8
24 1 3 1 1 3 1 3 3 3 3 3 3 0 4 4 4 4 4 8 1
25 1 1 1 1 1 1 0 3 3 3 3 3 3 8 4 4 4 4 4 8 0
26 1 3 1 1 3 1 1 3 3 3 3 3 3 8 4 4 4 4 4 0 1
27 1 1 1 1 1 1 0 3 3 3 3 3 3 0 4 4 4 4 4 8 8
CO
1 1 1 1 1 1 8 3 3 3 3 3 3 0 4 4 4 4 4 8 0
29 1 1 1 1 1 1 8 3 3 3 3 3 3 8 4 4 4 4 4 0 8
38 3 1 1 3 1 1 3 3 3 3 3 3 0 4 4 4 4 4 8 1
